Solar wind spectrometer project  Final report, Apr. 1966 - Jan. 1968 by unknown
#zm 
A XEROX COMPANY 
300 NORTH HALSTEAO S T R E E T .  PASAOENA,CALIFORNIA 91107 2 1 3 / 6 6 1 - 4 6 7 1 .  4 4 9 - 1 2 3 0  . 
GPO PRICE $ 
CSFTI PRICE(S) $ 
Hard copy (HC) 
Microfiche (M F) 
Ff 653 July 65 
https://ntrs.nasa.gov/search.jsp?R=19680009916 2020-03-12T08:51:07+00:00Z

3 
L - ,  
This work was performed for the Je t  Propulsion Laboratory, 
California Insti tute of Technology, sponsored by the 
National Aeronautics and Space Administration under 
Contract NAS7-100. 
F i n a l  Report  
SOLAR WIND SPECTROMETER PROJECT 
Prepared f o r  
J e t  P ropu l s ion  Laboratory 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  
A t t e n t i o n :  B. Ebe r t  
MS 19O/UP 
Con t rac t  No. 951519 
Report  No. 7069-FR 10 February 1968 
Prepared by 
SWS P r o j e c t  S t a f f  
Approved by 
G.  Takahashi, Manager 
SWS P r o j e c t  
H. Wiser, Manager 
Measurement Systems Div i s ion  
I)i ELECTRO-OPTICAL SYSTEMS, INC. 
A XEROX COMPANY 
\ i 
a 
FOREWORD 
This  r e p o r t  w a s  p repared  by E lec t ro -Opt i ca l  Systems, I n c . ,  Pasadena, 
C a l i f o r n i a ,  a Xerox Company, i n  f u l f i l l m e n t  of  t h e  requi rements  o f  
Con t rac t  No. 951519 f o r  the  Space Ins t ruments  Sec t ion ,  J e t  Propuls ion  
Laboratory,  Pasadena, C a l i f o r n i a .  
The work desc r ibed  i n  t h i s  r e p o r t  was c a r r i e d  o u t  a t  the  EOS f a c i l i -  
t i e s  a t  Pasadena, C a l i f o r n i a ,  under the  supe rv i s ion  of M r .  G .  Takahashi,  
dur ing  the  p e r i o d  A p r i l  1966 through January 1968. 
The E lec t ro -Opt i ca l  Systems P r o j e c t  Of f i ce  wishes t o  expres s  i t s  g r a t i -  
tude t o  a l l  t he  J e t  Propuls ion  Laboratory and E lec t ro -Opt i ca l  Systems 
personnel  who c o n t r i b u t e d  maximum e f f o r t  i n  developing,  f a b r i c a t i n g ,  and 
t e s t i n g  the  ALSEP So la r  Wind Spectrometer .  
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LANK NOT FILME 
ABS TRACT 
The purpose of  the  S o l a r  Wind Spectrometer  (SWS) p r o j e c t  w a s  t o  develop,  
f a b r i c a t e ,  and tes t  f l i g h t  i n s t rumen t s  f o r  measuring s o l a r  wind charac-  
t e r i s t i c s  on the  luna r  s u r f a c e .  The J e t  P ropu l s ion  Laboratory (JPL) 
performed the  i n i t i a l  des ign  o f  the SWS and w a s  r e s p o n s i b l e  f o r  t h e  de- 
s i g n  and f a b r i c a t i o n  of the sensor  assembly. Two eng inee r ing  and e i g h t  
f l i g h t  SWS's were d e l i v e r e d  t o  JPL.  Two a s t r o n a u t  t r a i n e r s  and f o u r  
experiment t e s t  s e t s  were a l s o  designed and b u i l t  dur ing  the  p r o j e c t .  
The SWS i s  one of  fou r  prime s c i e n t i f i c  experiments  t h a t  a r e  a p a r t  of  
the  Apollo Lunar Surface  Experiments Package (ALSEP). The p r i n c i p a l  
g o a l  o f  ALSEP i s  t o  c o l l e c t  s c i e n t i f i c  and eng inee r ing  d a t a  on t h e  moon's 
c h a r a c t e r i s t i c s .  ALSEP i s  one of  t he  few miss ions  emphasizing t h e  c o l -  
l e c t i o n  of  l una r  s c i e n t i f i c  d a t a  and the  on ly  miss ion  r e q u i r i n g  a s t r o -  
nau t s  t o  deploy exper iments .  On the  moon, t he  a s t r o n a u t  w i l l  c a r r y  the  
SWS about  13 f ee t  from the  ALSEP d a t a  subsystem and w i l l  deploy fou r  
l e g s  be fo re  r e s t i n g  i t  on the  s u r f a c e .  
The SWS measures 75-to 9600-eV p ro tons  and 10.5- to  1376-eV e l e c t r o n s .  
I t  i s  a compact, s e l f - con ta ined  ins t rument  which r e q u i r e s  on ly  e x t e r n a l  
power and c o n t r o l  s i g n a l s  t o  provide cont inuous d i g i t a l  d a t a  on s o l a r  
wind parameters .  The SWS o v e r a l l  dimensions are nominally 9 by 10.6 
by 11 inches  i n  the  stowed ( f l i g h t )  p o s i t i o n .  Severa l  unique o r  unusual 
SWS f e a t u r e s  a r e  b r i e f l y  desc r ibed  below. 
a .  An ou t s t and ing  c h a r a c t e r i s t i c  of  t h e  SWS i s  i t s  l a r g e  (= 237 
s t e r a d i a n )  acceptance  angle .  T h i s  ang le  i s  obta ined  by 
seven sensor  cups pos i t i oned  approximately e q u i d i s t a n t  from 
each o t h e r  on t h e  s u r f a c e  of  a hexagonal cupola .  
b .  The b a s i c  s o l a r  wind senso r s  are modif ied,  f i v e - g r i d  Faraday 
These cups d e t e c t  f l u x e s  t o  about  10 5 p a r t i c l e s  per  
:ins,er second , which produce c u r r e n t  o u t p u t s  t o  the  e l e c -  
t r o n i c s  of 6 x ampere. 
c .  The SWS r e p e a t s  16 sequences o f  186 measurements per  sequence 
eve ry  449.6  seconds i n  normal ope ra t ion .  A slow mode of  op- 
e r a t i o n  can  be s e l e c t e d  by e a r t h  command t h a t  completes the  
sequence i n  899.2 seconds.  Each sequence inc ludes  a measure- 
ment of 14 pro ton  and 7 e l e c t r o n  energy windows from each o f  
t he  seven senso r s .  
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d.  A semipassive thermal  c o n t r o l  system ma in ta ins  the  SWS elec-  
t r o n i c  temperature  between 16 and 55OC whi le  t he  luna r  t e m -  
p e r a t u r e  v a r i e s  between - 1 8 5 O C  and +122'C. 
housing,  wrapped w i t h  40 l a y e r s  of s i l k  and aluminized Mylar, 
t h r e e  r e f l e c t o r s ,  and a r a d i a t o r  a r e  t h e  p r i n c i p a l  thermal  
c o n t r o l  e lements .  
A f i b e r g l a s s  
e .  The SWS i s  a compact and l i gh twe igh t  (about 12 l b )  ins t rument  
c o n s i d e r i n g  the  s o p h i s t i c a t e d  e l e c t r o n i c s ,  thermal  c o n t r o l  
mechanism, and h igh  vo l t age  (10 kV) o p e r a t i o n  r e q u i r e d  t o  
c o l l e c t  and p rocess  the  d a t a  under an  extremely adverse  
environment . 
f .  Peak power i s  less  than  6 .5  w a t t s .  Average power i s  about  
3.5 w a t t s .  This  low power consumption i s  an  achievement i n  
s p i t e  of  t he  complex func t ions  and l a r g e  number (x 1500) of  
components r e q u i r e d  t o  s a t i s f y  the  expe r imen te r ' s  d a t a  
requi rements .  
SWS on t h e  moon so t h a t  the  sensor  assembly (cupola) i s  f r e e  
t o  au tomat i ca l ly  o r i e n t  i t s e l f  v e r t i c a l l y ,  even though the  
luna r  s u r f a c e  may be s loped .  
g .  The SWS's unique c o n f i g u r a t i o n  a l lows  the  deployment of  t he  
The SWS developed f o r  the  ALSEP miss ion  i s  a h igh  performance, unique 
ins t rument  t h a t  w i l l  provide cons ide rab le  d a t a  on s o l a r  wind c h a r a c t e r -  
i s t i c s  which w i l l ,  a f t e r  d a t a  a n a l y s i s ,  supply informat ion  on proper-  
t i e s  o f  t he  luna r  s u r f a c e  and i n t e r i o r .  
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SECTION 1 
INTRODUCTION 
"3  
i c 
This f i n a l  r e p o r t  summarizes the  r e s u l t s  o f  the So la r  Wind Spectrometer 
(SWS) P r o j e c t  conducted by E lec t ro -Opt i ca l  Systems, I n c .  , (EOS) f o r  the 
J e t  P ropu l s ion  Laboratory (JPL) . 
The SWS (see F ig .  1) i s  one of the experiments i n  the Apollo Lunar Sur- 
f ace  Experiments Package (ALSEP) t h a t  w i l l  be deployed by an  a s t r o n a u t  
on the moon. The purpose of SWS i s  t o  c o l l e c t  d a t a  on the p r o p e r t i e s  
of t h e  s o l a r  wind a t  the luna r  s u r f a c e .  These d a t a  inc lude  t h e  ener-  
g i e s ,  d e n s i t i e s ,  i nc idence  a n g l e s ,  and temporal v a r i a t i o n s  of t h e  e l e c -  
t r o n  and p ro ton  components of the s o l a r  wind. The g o a l s  of d a t a  analy- 
s is  inc lude :  
1.1 
a. V e r i f i c a t i o n  of the e x i s t e n c e  o f  s o l a r  wind plasma on the  
b.  Determinat ion of the p r o p e r t i e s  o f  the luna r  s u r f a c e  and 
c .  Determination of the gene ra l  p r o p e r t i e s  of  the s o l a r  wind. 
d. Desc r ip t ion  of the magnetospheric t a i l  s t r u c t u r e .  
moon. 
i n t e r i o r .  
SCOPE OF PROJECT 
The SWS p r o j e c t  involved the design,  f a b r i c a t i o n ,  and t e s t  of two en- 
g inee r ing  and e i g h t  f l i g h t  SWS's. 
periment t e s t  s e t s  were a l s o  designed and b u i l t  du r ing  the 22-month 
p r o j e c t .  
personnel  performed the i n i t i a l  c i r c u i t  des ign  (EOS personnel  a s s i s t e d ) ,  
f a b r i c a t e d  the  sensor  assemblies ,  and performed f i n a l  plasma c a l i b r a -  
t i o n  of  the in s t rumen t s .  
a t  JPL and a t  Bendix, Ann Arbor, Michigan. 
Two a s t r o n a u t  t r a i n e r s  and f o u r  ex- 
The p r o j e c t  involved very c l o s e  coord ina t ion  w i t h  JPL, whose 
F i e l d  support  a c t i v i t i e s  were a l s o  conducted 
7069 -FR 1 
Figure  1. S o l a r  Wind Spectrometer F l i g h t  and Model, Deployed 
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1.2 SIGNIFICANT ACHIEVEMENTS 
i 
I " >  
" Y  
i 
ir 2 
The SWS i s  a l i g h t w e i g h t  (about 12  pounds), compact (nominally 9 x 
10.6 x 11 inches  o v e r a l l ,  stowed), s e l f - c o n t a i n e d  instrument  which re- 
q u i r e s  on ly  e x t e r n a l  power and c o n t r o l  s i g n a l s  t o  provide a cont inuous 
t r a i n  o f  d i g i t a l  d a t a  on s o l a r  wind parameters .  
unique c o n f i g u r a t i o n ,  which allows i t  t o  be deployed on the  moon so  
t h a t  i t  i s  f r e e  t o  a u t o m a t i c a l l y  o r i e n t  i t s e l f  v e r t i c a l l y ,  the SWS 
h a s  the  f o 1 lowing s i g n i  f i can t f e a t u r e  s : 
I n  a d d i t i o n  t o  SWS's 
a. Large acceptance angle  b 2n s t e r a d i a n s ) .  
b. High f l u x  s e n s i t i v i t y  (10 p a r t i c l e s / c m  /see).  5 2 
, c .  Large number (186) o f  measurements f o r  each 28.1 second se -  
d. Semipassive thermal c o n t r o l  ( e l e c t r o n i c s  i s  kept  between 16 
e .  Low average power consumption (< 3.5 wat ts) .  
quence (16 sequences p e r  cycle) .  
and 55OC as l u n a r  temperature v a r i e s  between -185 and +122OC). 
Another p r o j e c t  achievement w a s  meeting the 22-month schedule f o r  10 
SWS's i n  s p i t e  of  t h e  s t r i n g e n t  des ign  and f a b r i c a t i o n  requirements  
f o r  b u i l d i n g  these  s o p h i s t i c a t e d  in s t rumen t s .  
1 . 3  PLAN OF REPORT 
This r e p o r t  covers  f i v e  major SWS p r o j e c t  areas: hardware, sof tware,  
t es t  program, f i e l d  suppor t ,  and key problems. (Where formal documents 
d e s c r i b i n g  a t o p i c  have been pub l i shed ,  d e t a i l e d  d i s c u s s i o n s  are n o t  
given i n  t h i s  r e p o r t . )  
r e p o r t  and formal documents, t e c h n i c a l  i n fo rma t ion  and in -p rocess  t e s t  
procedure i n d i c e s  a r e  p re sen ted  i n  the appendixes. 
A summary concludes the formal p a r t  o f  t h i s  
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SECTION 2 
DESCRIPTION OF HARDWARE 
The fol lowing s e c t i o n s  d i s c u s s  t h e  key hardware designed and f a b r i -  
c a t e d  during the  ALSEP SWS p r o j e c t .  Since most of t h i s  hardware has  
been desc r ibed  i n  d e t a i l  i n  o t h e r  documents, only gene ra l  d e s c r i p t i o n s  
a r e  p re sen ted  here.  
2 . 1  SWS ENGINEERING MODEL 
Two engineer ing models (EM-1 and EM-2) were f a b r i c a t e d .  EM-1 was de- 
l i v e r e d  t o  Bendix f o r  e l e c t r i c a l  system c o m p a t i b i l i t y ,  andmechanical f i t  
tes ts ,  and p re l imina ry  deployment performance eva lua t ion .  EM-2 was 
d e l i v e r e d  t o  JPL where i t  was used f o r  e x t e n s i v e  e l e c t r i c a l  tes ts  t o  
improve design and f o r  p re l imina ry  plasma c a l i b r a t i o n  tes ts .  
F igu re  2 shows t h e  f i n a l  c o n f i g u r a t i o n  of t he  eng inee r ing  model. This 
c o n f i g u r a t i o n  r e p r e s e n t s  t he  i n i t i a l  design of t he  SWS and i s  based on 
Bendix I n t e r f a c e  Control  S p e c i f i c a t i o n  (ICs), IC314104. Design d e t a i l s  
a r e  desc r ibed  i n  the o p e r a t i o n  and i n s t r u c t i o n  manual, EOS 7069-OM-SWS. 
F a b r i c a t i o n  drawings a r e  given i n  drawing l i s t  EOS 1101104. Br i e f  d i s -  
cuss ions  of t he  e l e c t r o n i c s  and o t h e r  key des ign  f e a t u r e s  a r e  p re sen ted  
below. 
F igu re  3 i s  a s i m p l i f i e d  block diagram of the  SWS system. The sensor  
assembly c o n s i s t s  of an a r r a y  of seven Faraday cups. A g r i d  i n  each 
cup i s  modulated by a varying amplitude 2 kHz ac vo l t age  superimposed 
on a varying dc vo l t age .  The cup ou tpu t s  a r e  then s e q u e n t i a l l y  
sampled, ampl i f i ed ,  demodulated, and f u r t h e r  amplif ied,  Three c a l i b r a -  
t i o n  c u r r e n t  l e v e l s  a r e  i n s e r t e d  i n t o  the p r e a m p l i f i e r s  and a 
7069-FR 5 
Figure 2, External View of Solar Wind Spectrometer Engineering Model 
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c a l i b r a t i o n  v o l t a g e ,  p rop6r f iona l  t o  t h e  cup g r i d  ac v o l t a g e ,  i s  
sampled along w i t h  t h e  cup ou tpu t s  i n  t h e  summing switch.  
A four-channel commutator s e q u e n t i a l l y  samples t h e  demodulated cup 
. s i g n a l s ,  c a l i b r a t i o n  v o l t a g e s  f o r  t h e  analog-to-pulsewidth (A/PW) 
c o n v e r t e r ,  temperature  monitor s i g n a l s ,  and a c a l i b r a t i o n  v o l t a g e  
p r o p o r t i o n a l  t o  the  cup g r i d  dc v o l t a g e ,  Five A/PW c a l i b r a t i o n  v o l t -  
ages  a r e  sampled by an  e igh t - channe l  subcommutator where t h r e e  levels 
are resampled. Another e ight-channel  subcommutator samples e i g h t  
t h e r m i s t o r  o u t p u t s  which r e p r e s e n t  SWS i n t e r n a l  and e x t e r n a l  tempera- 
t u r e s .  
A l oga r i thmic  type A/PW c o n v e r t e r  p rov ides  about fou r  decades of mea- 
surement range. I t s  ou tpu t  c o n t r o l s  t he  conversion coun te r  ( i n  the  
programmer) which conve r t s  t h e  pulsewidth d a t a  t o  d i g i t a l  format.  
The programmer i s  a d i g i t a l  c i r c u i t  subsystem t h a t  g e n e r a t e s  a l l  
timing and c o n t r o l  s i g n a l s  f o r  sequencing s o l a r  wind d a t a  and c a l i b r a -  
t i o n  s i g n a l s .  It a l s o  i n c l u d e s  t h e  necessa ry  l o g i c  c i r c u i t s  t o  syn- 
ch ron ize  the SWS t o  t h e  ALSEP system. 
The e l e c t r o n i c s  i s  assembled i n  t h r e e  c h a s s i s  as shown i n  Fig.  4. 
Packaging methods included p r i n t e d  c i r c u i t  boards,  po in t - to -po in t  
w i r ing ,  welded modules (see Fig. 5 )  and i n t e g r a t e d  c i r c u i t s  mounted 
on " s t i cks"  (see Fig.  6) .  The t h r e e  c h a s s i s  a r e  s t acked  as shown i n  
Fig,  7 and i n s e r t e d  i n t o  a thermally c o n t r o l l e d  r e g i o n  (see Fig.  8). 
F igu re  8 i l l u s t r a t e s  t he  thermal c o n t r o l  design concept. During the 
luna r  n i g h t  and day c y c l e s ,  s h u t t e r s  mounted on b i m e t a l l i c  a c t u a t o r s  
open and c l o s e  t o  ma in ta in  the thermal c o n t r o l  r e g i o n  (which i s  
wrapped wi th  s u p e r i n s u l a t i o n  m a t e r i a l )  a t  a c o n s t a n t  i n t e r n a l  tempera- 
t u r e .  P a r a b o l i c  r e f l e c t o r s  are mounted on t h e  o u t s i d e  t o  r e f l e c t  
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s u n l i g h t  r e f l e c t e d  o f f  t h e  l u n a r  su r face .  The s u n s h i e l d  p r o t e c t s  
t h e  r e f l e c t o r s  i f  t h e  SWS i s  n o t  p a r a l l e l  t o  t h e  l u n a r  su r face .  
F igu re  9 i s  an exploded view of t h e s e  key elements.  
The method f o r  a l i g n i n g  t h e  SWS v e r t i c a l l y  and h o r i z o n t a l l y  i s  shown 
i n  Fig,  10. V e r t i c a l  alignment i s  achieved by c e n t e r i n g  t h e  bubble. 
Azimuthal alignment i s  accomplished by a l i g n i n g  the  s u n ' s  r a y s  w i t h i n  
two p a r a l l e l  l i n e s  on the  i n s i d e  l edge  of the housing. 
ments are made p o s s i b l e  by the  t r i p o d  assembly, which c o n t a i n s  a b a l l  
and socke t  j o i n t  a s  shown i n  Fig. 11. Each l e g  i s  hinged a t  two 
p l a c e s  i n  o rde r  t o  stow t h e  SWS on the ALSEP p a l l e t  during launch and 
f l i g h t .  
These a l i g n -  
A f i b e r g l a s s  d u s t  cover p reven t s  exhaust  from t h e  L M  a s c e n t  and l u n a r  
d e b r i s ,  d i s t u r b e d  by the t a k e o f f ,  from f a l l i n g  i n t o  the  Faraday cups. 
The cover i s  he ld  by a manual s a f e t y  lock and a s p r i n g - c o n t r o l l e d  
locking a r m .  
SWS deployment and the  locking arm i s  a c t i v a t e d  by f i r i n g  a squ ib  v i a  
e a r  t h  command . 
The manual s a f e t y  lock i s  r e l e a s e d  by the  a s t r o n a u t  upon 
2.2 SWS PWTOTYPE AND FLIGHT MODELS 
I n i t i a l l y ,  the c o n t r a c t  r e q u i r e d  10 p ro to type  and f l i g h t  models, How- 
e v e r ,  during the p r o j e c t  t h e  l a s t  two SWS's (SN11 and SN12) w e r e  de- 
l e t e d .  The SWS's d e l i v e r e d  by EOS a r e  l i s t e d  below. 
S e r i a l  No. 
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SN03 w a s  d e l i v e r e d  t o  Bendix f o r  ALSEP system q u a l i f i c a t i o n  t e s t i n g .  
SN04 was used t o  v e r i f y  des ign  i n t e g r i t y ;  tests were conducted t o  
q u a l i f i c a t i o n  levels a t  EOS and JPL. Normally, des ign  v e r i f i c a t i o n  
tests (SN04) would have been conducted b e f o r e  completion of t h e  p to to -  
type (SN03). However, t h e  ALSEP system schedule  d i d  n o t  a l low s u f f i -  
c i e n t  t i m e  f o r  s e q u e n t i a l  f a b r i c a t i o n  and t e s t i n g  of u n i t s .  SN05 was 
d e l i v e r e d  t o  Bendix f o r  ALSEP system f l i g h t  q u a l i f i c a t i o n  tests (SN06 
i s  a s p a r e  f o r  SN05). SN07 through SNlO are t h e  f l i g h t  and f l i g h t  
s p a r e  u n i t s .  A l l  of t h e s e  u n i t s  are  b a s i c a l l y  t h e  same. Therefore ,  
a l l  d e s c r i p t i o n s  of t h e  f l i g h t  u n i t  a l s o  apply t o  t h e  p ro to type  and 
q u a l i f i c a t i o n  u n i t s .  
A f t e r  completing f a b r i c a t i o n  and tes t  of t h e  Engineering Models, a 
s tudy was i n i t i a t e d  t o  determine the  f e a s i b i l i t y  of r edes ign ing  t h e  
SWS t o  w i ths t and  the  r e l a t i v e l y  high g levels s p e c i f i e d  i n  the  Bendix 
ICs. The r e s u l t s  of t h i s  s tudy are given i n  t h e  s tudy  r e p o r t ,  EOS 
7069-SWS-RFS. I n  summary, t h i s  s tudy showed t h a t ,  by employing an  
A-frame preloading des ign  concept,  a l l  t h e  mechanical and environmental  
requirements  of the I C s  could be m e t  and weight could be reduced by 
almost two pounds. Therefore ,  EOS was au tho r i zed  t o  proceed wi th  t h e  
r edes ign .  
The r e d e s i g n  involved changes i n  the  e l e c t r o n i c s ,  electronic packag- 
ing ,  thermal c o n t r o l ,  and mechanical design. F igu re  1 2  shows t h e  
f i n a l  c o n f i g u r a t i o n  of t he  f l i g h t  model. 
a r e  desc r ibed  i n  the  ope ra t ion  and i n s t r u c t i o n  manual, EOS 7069-OM- 
SWS-F. F a b r i c a t i o n  drawings a r e  given i n  drawing l i s t  EOS 1120699. 
Details  of t he  f i n a l  design 
A b r i e f  d i s c u s s i o n  of the main d i f f e r e n c e s  between t h e  eng inee r ing  
model and the f l i g h t  model i s  p resen ted  below. 
F igu re  13 i s  a block diagram of the  f l i g h t  model. 
c u i t s  w e r e  changed, f u n c t i o n a l l y  only fou r  main changes were made. 
Although many c i r -  
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One change w a s  t o  i n c l u d e  an e x t e r n a l  manual c o n t r o l  which i n h i b i t e d  
the  two h i g h e s t  p ro ton  h igh  v o l t a g e  levels t o  minimize a r c i n g  during 
e a r t h  tests. The second change w a s  t o  add a n  e l e c t r o n i c  n i g h t  t i m e  
h e a t e r .  This  change was necessary because t h e  thermal c o n t r o l  assem- 
b l y  w a s  changed t o  a semipassive system, a s  i s  d i scussed  later. 
t h i r d  change was t o  add a t i m e r  t o  t h e  SWS t o  maintain a r eco rd  of SWS 
opera t ing  t i m e  whenever ope ra t ing  power was app l i ed .  The t i m e r  w i l l  
be  removed b e f o r e  launch. The f o u r t h  change was t o  conve r t  f o u r  of ~ 
the  temperature monitoring s i g n a l s  t o  t roub le shoo t ing  d a t a  measure- 
ments. The measurements included monitoring of t h e  +5V dc B+ v o l t a g e ,  
t he  h igh  v o l t a g e  modulator d r i v e  s i g n a l ,  t he  summed 2 kHz and 2 kHz 
h igh  v o l t a g e  chopper d r i v e  s i g n a l ,  and the sun sensor  o u t p u t ,  which 
i n d i c a t e s  t he  degree of SWS misalignment r e l a t i v e  t o  the  luna r  s u r f a c e .  
The 
The f i n a l  sensor  assembly, designed by J P L ,  i s  shown i n  F ig .  14. The 
f l i g h t  d u s t  cover was r a d i c a l l y  changed from the  eng inee r ing  model. 
The engineer ing model employs a t o t a l l y  enc los ing  cover whereas t h e  
f l i g h t  model employs aluminum d i s c s  t h a t  cover  only the Faraday cup 
a p e r t u r e s ,  F igu re  15 i s  a schematic of t h e  mechanism. 
The covers  are r i v e t e d  t o  sp r ing  arms which a r e  h e l d  toge the r  w i th  a 
nylon cord.  Two h e a t e r  wires ( f o r  redundancy) a r e  looped around the 
cord.  When the ground command i s  r ece ived ,  an e l e c t r o n i c  c i r c u i t  
pas ses  c u r r e n t  through the h e a t e r s  which burn the  cord,  allowing the 
s p r i n g s  and cove r s  t o  f l i p  outward as they p i v o t  about t h e i r  lower t i e  
p o i n t s .  
The sun sensor  i s  s t r a t e g i c a l l y  mounted i n  the  sensor  housing wi th  a 
s l i t  on the top t o  a l low t h e  sun ’ s  r a y  t o  e n t e r .  The purpose of t h i s  
s enso r  i s  t o  determine the o r i e n t a t i o n  of the SWS about a north-south 
axis by i n d i c a t i n g  when the sun i s  a t  an ang le  of 30 degrees  wi th  
respect t o  the v e r t i c a l  a x i s  of the SWS. 
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Figure 14. Sensor Assembly With Dust Cover Mechanism 
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Two s u r f a c e s  on oppos i t e  s i d e s  of t h e  sensor  o u t e r  housing are p a i n t e d  
orange t o  enable  the  a s t r o n a u t  t o  o r i e n t  the SWS w i t h  r e s p e c t  t o  t h e  
sun. F igu re  16 shows t h e  o r i e n t a t i o n  method. 
when t h e  s u n ' s  p a t h  i s  para l le l  t o  t h e  orange s u r f a c e s  as i n d i c a t e d  
by no r e f l e c t i o n  from t h e s e  su r faces .  
The SWS i s  a l i g n e d  
The e l e c t r o n i c s  were a g a i n  assembled i n  t h r e e  c h a s s i s  as shown i n '  
Fig.  17, The main changes included repackaging of t h e  p r e a m p l i f i e r  
subassembly and conve r t ing  the  h igh  v o l t a g e  module t o  a so lde red  cord- 
wood assembly con ta ined  i n  a f i b e r g l a s s  housing. 
c luded mod i f i ca t ion  of t h e  c h a s s i s ,  and r e l a y o u t  of some p r i n t e d  c i r -  
c u i t  boards and welded modules, The t h r e e  c h a s s i s  w e r e  aga in  s t acked  
as shown i n  Fig.  18, b u t  r o t a t e d  90  degrees  when mounted i n  the  thermal 
housing. 
Other changes i n -  
The thermal c o n t r o l  design was s i m p l i f i e d  t o  a p a s s i v e  system c o n s i s t -  
i ng  of two key elements shown i n  Fig.  29. The thermal housing, which 
c o n t a i n s  the e l e c t r o n i c s ,  c o n s i s t s  of a f ive - s ided  f i b e r g l a s s  housing 
wrapped on f i v e  s i d e s  w i t h  s u p e r i n s u l a t i o n  material. 
assembly c o n s i s t s  of a r a d i a t o r  p l a t e  which makes d i r e c t  c o n t a c t  w i t h  
the  e l e c t r o n i c  c h a s s i s  and t h r e e  p a r a b o l i c  r e f l e c t o r s .  Other elements 
i nc lude  a deployable sunsh ie ld  and s i d e  c u r t a i n s .  
The r a d i a t o r  
F igu re  20 shows the SWS i n  i t s  stowed cond i t ion .  I n  the stowed condi- 
t i o n ,  t he  A - f r a m e  i s  sub jec t ed  t o  s t r u c t u r a l  l oads  by adjustment of 
the bottom cone. The load  i s  t r a n s m i t t e d  through the b o l t  (pas s ing  
through the  thermal housing and e l e c t r o n i c s )  between t h e  two c o n i c a l  
i n t e r l o c k s  ( t o p  and bottom), through the  senso r  mounting p l a t e  and 
i n t o  the  A-frame. A f t e r  t h e  i n i t i a l  l oad  i s  set i n t o  t h e  A-frames, 
'1 
:I 
h 
only minor cone adjustments  are required.  
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I n  the  deployed c o n f i g u r a t i o n  (Fig.  12) ,  tlie e l e c t r o n i c s /  thermal 
housing i s  suspended from the  sensor  mounting p l a t e  by fou r  D e l r i n  
rods.  This  method of suppor t  r e s u l t s  i n  maximum i s o l a t i o n  f o r  t h e  
thermal housing from conduct ion paths .  
p l a t e  a r e  allowed t o  p i v o t  on a k n i f e  edge about the  A-frame apex, 
thereby l e v e l l i n g  the  ins t rument  and providing v e r t i c a l  alignment of 
the  r a d i a t o r ,  
The sensor  and i t s  mounting 
During deployment, t h e  sunsh ie ld  unlocks and s p r i n g s  out  from the  rad- 
i a t o r  assembly as the  thermal housing suspends. The inne r  l e g s  a l s o  
drop s l i g h t l y  and the  a s t r o n a u t  ex tends  each l e g  u n t i l  i t  locks  i n  
p lace .  The unlocking bu t ton  releases the i n n e r  l e g  t o  a l low restow- 
i n g  of the  SWS when deployment is made on the e a r t h .  
In t e rconnec t ion  between the  SWS and the  ALSEP central  s t a t i o n  i s  
achieved by a f l a t  c a b l e  which i s  c o i l e d  on a reel he ld  i n  p l ace  un- 
dernea th  t h e  SWS by a f l a t  steel sp r ing  c l i p  as shown i n  Fig.  21. 
The c l i p  f i t s  i n t o  t h e  s l o t  i n  one A-frame brace .  I n  the  stowed con- 
f i g u r a t i o n ,  t h e  reel i s  pressed  upward a g a i n s t  t he  c l i p  and i s  he ld  
i n  compression. When t h e  SWS i s  removed. from the  ALSEP p a l l e t ,  t h e  
reel i s  r e l e a s e d  and drops from the  SWS where i t  i s  f r e e  t o  a l low t h e  
f l a t  c a b l e  t o  un ree l  i n  both  d i r e c t i a n s  s i au l t aneous ly .  
2.3 CARHYING CASE 
An aluminum ca r ry ing  case was designed f o r  t r a n s p o r t i n g  o r  s t o r i n g  the  
SWS, as shown i n  Fig. 22. Details of the  design are descr ibed  i n  
Sec t ion  6 of t he  SWS Operat ion Manual, EOS 7069-OM-SWS-F and f a b r i c a -  
t i o n  drawings are g iven  i n  drawing l i s t  EOS 1121017. Key design fea- 
t u r e s  a r e  d iscussed  below. 
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The case c o n t a i n s  shock and temperature  i n d i c a t o r s  f o r  r eco rd ing  the 
maximum shocks and temperatures  t o  which the  SWS i s  sub jec t ed .  A man- 
u a l  p r e s s u r e  r e l i e f  valve i s  inc luded  t o  maintain c o n s t a n t  i n t e r n a l  
p r e  s sure .  
For ease i n  handl ing t h e  SWS i n  test  l a b o r a t o r i e s ,  t he  c a r r y i n g  case 
i s  designed as a two-piece u n i t :  c a s e  and c r a d l e .  The c r a d l e ,  shown 
i n  Fig.  23, i s  designed so t h a t  t h e  SWS may b e  t r a n s p o r t e d  wi thou t  t he  
case, b u t  w i thou t  r e q u i r i n g  the SWS t o  be removed from the c r a d l e .  
Two c a r r y i n g  handles  a r e  provided. The c r a d l e  i s  mounted i n  the  case 
a t  t h e  case - to -c rad le  mounting p o i n t s  which are  shock mounts t o  mini- 
mize shock t r a n s f e r .  
Ten cases were f a b r i c a t e d .  The f i r s t  two cases were designed f o r  the 
eng inee r ing  models and the  remainder f o r  t he  f l i g h t  models. Since t h e  
design of t h e s e  u n i t s  d i f f e r e d ,  t h e  f l i g h t  o r  EM c a r r y i n g  cases are 
n o t  i n t e rchangeab le .  I n  a d d i t i o n ,  because of minor l a t e  design 
changes, SN03 through SN05 c a s e s  a r e  n o t  modified t o  t h e  l a t e s t  revi- 
s ion .  
SN05 r e q u i r e  i n s t a l l a t i o n  of 1122472 neoprene washers t o  reduce pre- 
loading i n  t h e  case. 
during the  r e t r o f i t  phase. 
SN03 r e q u i r e d  some machine shop rework on t h e  c r a d l e .  SN04 and 
These mod i f i ca t ions  w i l l  be  inco rpora t ed  by JPL 
2.4 EXPERIMENT TEST SET 
To f a c i l i t a t e  checkout of the SWS, an Experiment T e s t  S e t  (ETS) was 
r e q u i r e d  t o  perform the  fol lowing primary f u n c t i o n s :  
a .  Simulate  the  ALSEP c e n t r a l  s t a t i o n  s i g n a l s  and power supply 
b. Check the  performance of t he  SWS over i t s  range of ope ra t ion  
c. Reconstruct  t he  SWS d i g i t a l  d a t a  f o r  r eco rd ing  on punched 
v o l t a g e s  necessary t o  o p e r a t e  the SWS. 
w i t h  and without  the ALSEP c e n t r a l  s t a t i o n .  
paper tape and p r i n t e d  t ape .  
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Four ETS's were f a b r i c a t e d ,  i n c l u d i n g  the "breadboard" t h a t  w a s  up- 
graded t o  f i n a l  c o n f i g u r a t i o n .  
Another u n i t  was used byJPL, and EOS used two 
t h e i r  test  program which w e r e  d e l i v e r e d  t o  JPL a t  the c l o s e  of t h e  
p r  o j  ec t . 
One u n i t  w a s  d e l i v e r e d  t o  Bendix. 
TS's i n  support  of 
D e t a i l e d  ETS requirements  are s p e c i f i e d  i n  the  Bendix I C s ,  I C  314104. 
Design d e t a i l s  are desc r ibed  i n  t h e  o p e r a t i o n  and i n s t r u c t i o n  manual, 
EOS 7069-OM-ETS and f a b r i c a t i o n  drawings a r e  given i n  drawing l i s t  EOS 
1102041. 
f e a t u r e s  a r e  p re sen ted  below. 
Br i e f  d i s c u s s i o n s  of the e l e c t r o n i c s  and o t h e r  key design 
The ETS equipment i s  i n s t a l l e d  i n  a s t anda rd  19-inch r ack  mounting 
c a b i n e t  a s  shown i n  F ig .  24. It i n c l u d e s  the  fol lowing s t anda rd  com- 
merc i a l  tes t  equipment: 
a. 
b. 
C .  
d. 
e. 
f .  
g9 
h. 
i. 
P r i n t e r ,  F rank l in ,  S e r i e s  1200 
Power Supply, Power Design, Model 3650R 
D i g i t a l  Measuring System, Hickok, Model DMS-3200 
Plug-in Voltmeter,  Hickok, Model DP-100 
Plug-in Counter, Hickok, Model DP-150 
Osc i l lo scope ,  Tektronix,  Type RM56l-A 
Plug-in Dual Trace Amplif ier ,  Tektronix,  Type 3A1 
Plug-in T i m e  Base, Tektronix,  Type 3B3 
Tape Punch, Ohr-Tronics, Model llOR-115 
The l o g i c  c o n t r o l  s e c t i o n  c o n s i s t s  of Computer Control Company in te -  
g r a t e d  c i r c u i t  c a r d s ,  l o c a t e d  i n  the p-bloc c h a s s i s ,  which perform the  
necessary d i g i t a l  d a t a  r e c o n s t r u c t i o n .  All p e r t i n e n t  ETS and SWS s i g -  
n a l s  are rou ted  t o  the MAC panel  (F ig .  24) t o  provide v e r s a t i l i t y  i n  
ope ra t ing  t h e  ETS i n  d i f f e r e n t  modes by r epa tch ing  the  plugboard or  by 
r e p l a c i n g  the  plugboard wi th  prepatched plugboards.  
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Figure  25 shows the key f u n c t i o n a l  b locks  of t he  ETS. All SWS i n t e r -  
f a c e  s i g n a l  l i n e s  ( d a t a ,  s h i f t ,  and demand) are r o u t e d  through b u f f e r  
s t a g e s  ( l a b e l e d  I) i d e n t i c a l  t o  the ALSEP c e n t r a l  s t a t i o n .  All i n -  
t e r n a l  t iming s i g n a l s  are generated from an  e x t e r n a l  c lock  o r  from t h e  
256 kHz c lock ,  which i s  counted down by t h e  c l o c k  gene ra to r  and provides  
d i f f e r e n t  readout  b i t  ra tes .  
The s h i f t  gene ra to r  scales down the clock s i g n a l  and g e n e r a t e s  t he  
d r i v i n g  s i g n a l  w i t h  t h e  proper  t i m e  phase,  f o r  t he  demand g e n e r a t o r ,  
and f u r t h e r  s c a l e s  down t h i s  d r i v i n g  s i g n a l .  Both s h i f t  and demand 
g e n e r a t o r  ou tpu t s  and the SWS d a t a  s i g n a l s  a r e  then a p p l i e d  t o  t h e  
s h i f t  r e g i s t e r  and measurement coun te r  f o r  d a t a  r e c o n s t r u c t i o n .  The 
measurement coun te r  i s  b a s i c a l l y  a 186-cycle coun te r  t h a t  counts  t he  
demand p u l s e .  The s h i f t  r e g i s t e r  s t o r e s  the  s e r i a l  d a t a  word from 
the  SWS and provides  a 1 0 - b i t  pa ra l l e l  d a t a  output  f o r  t h e  d i s p l a y  
u n i t s .  For c a r e f u l  a n a l y s i s  of t he  SWS opera t ion ,  the ETS provides  a 
manual advance (manual demand g e n e r a t o r )  system. 
Four n i x i e  tubes ( t o p  row) cont inuously d i s p l a y  the SWS 1 0 - b i t  s e r i a l  
ou tpu t  d a t a  i n  o c t a l  form. Three tubes (bottom row) d i s p l a y  t h e  mea-  
surement word number i n  o c t a l  form. 
The p r i n t e r  and paper punch u n i t s  r eco rd  SWS data .  However, because 
the SWS provides  voluminous d a t a ,  a manual s e l e c t i o n  system i s  i n -  
cluded t o  provide normal, c a l i b r a t i o n  and c y c l e  t i m e  (CAL CT), and 
c y c l e  t i m e  (CT) only readout  modes. I n  normal mode, a l l  SWS d a t a  i s  
recorded.  I n  CAL CT mode, a l l  c a l i b r a t i o n  d a t a  (A/PW, HV c a l i b r a t e ,  
c u r r e n t  c a l i b r a t e ,  e t c . )  and the  SWS sequence and c y c l e  coun te r  out- 
p u t s  are recorded. I n  CT mode, only t h e  SWS sequence and c y c l e  coun te r  
ou tpu t s  are recorded. 
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2.5 ASTRONAUT TRAINER 
Two a s t r o n a u t  t r a i n e r s  were designed, f a b r i c a t e d ,  and d e l i v e r e d  t o  
Manned Spacec ra f t  Center, Houston, Texas. The t r a i n e r  p rov ides  the  
Apollo a s t r o n a u t s  w i th  a mockup of t he  f l i g h t  SWS, and thus  pe rmi t s  
them t o  p r a c t i c e  removing t h e  SWS from t h e  ALSEP p a l l e t  and deploying 
i t  on a l u n a r  s u r f a c e .  
The fol lowing ground r u l e s  were used i n  the f a b r i c a t i o n  of the t r a i n e r :  
a. Minimum c o s t  
b. Use p a r t s  from the thermal-mechanical u n i t  
c. U s e  sensor  assembly supp l i ed  by JPL 
d, 
e. No drawing r e v i s i o n s  
f .  No shipping c o n t a i n e r  
Minimum documentation (only ope ra t ion  manual prepared)  
Design c r i t e r i a  were a s  follows: 
a .  O v e r a l l  dimensions: same as f l i g h t  model 
b. Ea r th  weight:  1 2 . 5  f 0.5  l b  
c .  Lunar weight: 1 /6  e a r t h  weight 
d. Legs: deployable 
e. Unit :  s e l f - l e v e l i n g  
f .  Astronaut  handle socket :  mate wi th  Bendix handle ,  P a r t  No. 
2 3 32446 
Figure  26 shows the f i n a l  c o n f i g u r a t i o n  of t he  t r a i n e r .  Note t h a t  
most of t he  e x t e r i o r  f e a t u r e s  are i d e n t i c a l  t o  the f l i g h t  model. The 
i n t e r i o r ,  however, i s  q u i t e  d i f f e r e n t  because no e l e c t r o n i c s  w e r e  
added and p a r t s  were omitted o r  modified t o  reduce weight. Design de- 
t a i l s  are desc r ibed  i n  the ope ra t ion  and i n s t r u c t i o n  manual, EOS 7069- 
OM-TR. F a b r i c a t i o n  drawings a r e  given i n  drawing l i s t  EOS 1121048 .  A 
b r i e f  d i s c u s s i o n  of key design f e a t u r e s  fol lows.  
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The a s t r o n a u t  t r a i n e r  c o n s i s t s  of t h e  f o l - w i n g  assemblies:  
( 2 )  A-frame, and (3) thermal. The senso r  assembly i s  i d e n t i c a l  t o  t h e  
(1) senso r ,  
f l i g h t  design excep t  t h a t  a l l  p a r t s  w i t h i n  t h e  o u t e r  housing were 
omit ted.  
The A-frame assembly i n c l u d e s  t h e  A-frames, s enso r  mounting p l a t e ,  sun- 
s h i e l d ,  and f l a t  c a b l e  p r i n t e d  c i r c u i t  board. The A-frames, sunsh ie ld  
and p r i n t e d  c i r c u i t  board a r e  i d e n t i c a l  w i t h  t h e  f l i g h t  design. The 
senso r  mounting p l a t e ,  however, was modified by removing most of t he  
m a t e r i a l  (except  c r o s s  members) under the sensor  and by adding a coun te r  
balance weight t o  level the t r a i n e r  when deployed. 
The thermal assembly c o n s i s t s  of a thermal housing, b a l l a s t ,  and r a d i -  
a t o r .  The thermal housing was modified by replacement of t h e  superin-  
s u l a t i o n  material w i th  Styrofoam and the a d d i t i o n  of mounting p r o v i s i o n s  
f o r  t he  b a l l a s t .  A removable b a l l a s t  i s  included t o  s imula t e  e a r t h  o r  
l u n a r  weight.  The b a l l a s t  c o n s i s t s  of a f l a t  s teel  p l a t e  mounted with- 
i n  the thermal housing. The r a d i a t o r  was modified by removing a l l  mate- 
r i a l  ( d r i l l i n g  l i g h t e n i n g  h o l e s )  from s u r f a c e s  t h a t  could n o t  be seen 
from the  e x t e r i o r ,  such a s  behind the r e f l e c t o r s  and along the pe r iphe ry  
of t h e  r a d i a t o r  p l a t e .  
F i n a l  t r a i n e r  weights  are  12.6 and 3.6 l b  f o r  e a r t h  and l u n a r  s imula t ion ,  
r e s p e c t i v e l y  . 
2.6 STRAIN GAGE ELECTRONICS 
The f l i g h t  model p re t ens ion ing  concept r e q u i r e d  c a r e f u l  loading of t he  
SWS i n  i t s  stowed conf igu ra t ion .  I f  t he  loading i s  i n s u f f i c i e n t ,  t he  
cones (see Fig. 20) could separate from t h e i r  r e c e p t a c l e s  and r e s u l t  i n  
a c a t a s t r o p h i c  f a i l u r e  during v i b r a t i o n  t e s t i n g .  I f  the loading i s  ex- 
c e s s i v e ,  t h e  a s t r o n a u t  would no t  be a b l e  t o  un fas t en  the  SWS from the  
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ALSEP p a l l e t .  
t o  t h e  SWS, a 
an  a s s o c i a t e d  
To assist i n  monitor ing t h e  amount of l oad ing  a p p l i e d  
s t r a i n  gage w a s  mounted on each l e g  of t h e  A-frame and 
e l e c t r o n i c s  u n i t  w a s  designed, as shown i n  Fig. 27. 
Four i d e n t i c a l  channels  are provided t o  a l low simultaneous monitor ing 
of a l l  gages. F a b r i c a t i o n  drawings are l i s t e d  below. 
EOS Drawing No. D e s c r i p t i o n  
1121 027 Panel Assembly 
1121122 Wiring Diagram 
1121121 Artwork 
1121 029 Cabinet  
1121026 F ron t  Panel 
1121119 Schematic 
Four u n i t s  were b u i l t  t o  support  tests conducted a t  JPL, Bendix, and 
EOS. The u n i t  was a l s o  used during inp rocess  checkout of t he  s t r a i n  
gages, as s p e c i f i e d  i n  the  tes t  procedure EOS 7069 ITP-53, and during 
acceptance tests 
F igure  28 i s  a s i m p l i f i e d  schematic of t he  b a s i c  e l e c t r o n i c s .  The sys- 
t e m  c o n s i s t s  of a s t r a i n  gage, an i n t e g r a t e d  c i r c u i t  dc feedback ampli- 
f i e r ,  and an ou tpu t  panel  d i s p l a y  ammeter. 
fou r  f o i l s ,  r e p r e s e n t i n g  120 ohms i n  each element, connected as a re- 
sistance Wheatstone b r idge  ope ra t ing  from -10 v o l t s  dc. 
The s t r a i n  gage i s  made of 
The a m p l i f i e r  (11) i s  designed w i t h  a F a i r c h i l d  pA709 i n t e g r a t e d  cir- 
c u i t  o p e r a t i o n a l  a m p l i f i e r .  
g a i n  (nominally 27). 
The a m p l i f i e r  ou tpu t  i s  d i sp layed  on a Simpson 1 mil l iampere f u l l  scale 
panel  meter. 
The r a t i o  of R5 t o  R1 approximates t h e  
R4 i s  used t o  compensate f o r  system z e r o  o f f s e t .  
R6 i s  used t o  a d j u s t  f o r  system gain.  
t 
.9 
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A t h r e e - p o s i t i o n  s e l e c t o r  switch i s  used (1) t o  apply a 3-mV d i f f e r -  
ence h a l f  scale c a l i b r a t i o n  s i g n a l  t o  t h e  a m p l i f i e r ,  ( 2 )  t o  apply no 
d i f f e r e n c e  s i g n a l  f o r  zero adjustment t o  t h e  a m p l i f i e r ,  and (3) t o  apply 
t h e  s t r a i n  gage ou tpu t  f o r  normal o p e r a t i o n  t o  t h e  a m p l i f i e r ,  
2.7 SPARES 
Two sets of spa re  subassemblies and p i e c e  p a r t s  were requ i r ed .  
g e n e r a l ,  t h e s e  p a r t s  included welded modules, h igh  v o l t a g e  modules, 
p r e a m p l i f i e r  assemblies ,  s t i c k  assemblies ,  r a d i a t o r  assemblies ,  
p r i n t e d  c i r c u i t  boards,  and custom transformers  and chokes. S p e c i f i -  
c a l l y ,  t h e s e  p a r t s  are l i s t e d  i n  Table I. 
a l s o  r eques t ed  such as s p e c i a l  p r e a m p l i f i e r s ,  pA709 i n t e g r a t e d  c i r c u i t  
a m p l i f i e r s ,  etc. 
I n  
Other s p e c i a l  p a r t s  were 
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TABLE I 
SPARE PARTS LIST 
Mod 132 
Mod 133 
Mod 134 
Mod 135 
Mod 230 
Mod 231 
Mod 232 
Mod 233 
Mod 234 
Mod 235 
Mod 236 
P a r t  No. 
1101077 
1101149 
1102013 
1120603 
11 01 135 
11 01151 
11 01 075 
1101155 
11 02 017 
1101153-5 
1101153-7 
11 01 156 
11 01147 
1120623 
1102 039 
11207 10 
1120660 
1101607 
1101619 
1101623 
11 016 13 
1101601 
11 016 09 
1101615 
11 01605 
1101611 
1101617 
11 0162 1 
11 01603 
11 2 0625 
11 01 130 
11 2 06 56 
11 01138 
1120675 
1120631 
1120641 
11 01 086 
11 01 08 7 
1 1 01 088 
1101 089 
1101092 
Mod 212 
Mod 213 
Mod 214 
Mod 215 
Mod 216 
Mod 217 
Mod 218 
Mod 219 
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A broad range of documentation was prepared during the project, 
documentation was divided into the following seven groups: 
This 
a. Formal plans, procedures, manuals, and reports 
b. Technical information 
c. Inprocess test procedures 
d. Fabrication drawings 
e. Acceptance data packages 
f. Data traceability packages 
g. Data tapes 
These categories identify different levels of requirements and efforts 
and were selected to satisfy project requirements without unnecessary 
cost or labor. Thus, some documents were released in rough draft form 
when this achieved the document's objective. Other documents, such as 
manuals and final test procedures, were edited and processed by the 
EOS Publications Department and included commercial quality photographs 
and artwork. Each of these documentation categories is described in 
more detail in the following sections. Lists of key documents are also 
given in the appendixes. 
3 .1  FORMAL DOCUMENTATION 
Sixty-five formal documents were published during the project (excluding 
acceptance data packages and data traceability packages). 
ments were defined as documents requiring JPL approval or officially 
released through the EOS Publications Department to the JPL contracts 
administrator. 
Formal docu- 
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The purpose of these documents was to cover four major areas: monthly 
progress, hardware descriptions, plans of operation, and final testing 
procedures. Typical documents included monthly progress reports; 
management, quality assurance, and test plans; acceptance test and type- 
approval procedures; SWS and ETS operation manuals; and SWS and ETS 
specifications. An index of the documents released during the project 
is given in Appendix A. 
3.2 TECHNICAL INFORMATION 
Twenty-two technical information (TI) documents were released during 
the project. Technical information documents were defined as informal 
documents describing design, analysis, or testing results. These docu- 
ments were prepared by the engineering staff and submitted to JPL in 
rough-typed form. Illustrations were usually engineering-type sketches. 
The purpose of these documents was to describe technical results not 
normally covered in the formal documents released during the project. 
Typical TI documents include Thermal Control Design Report, SN04 Test 
Results, EM-1 and ETS-1 Summary Report, and Results of SWS FACI (First 
Article Configuration Inspection). 
documents is given in Appendix B. 
An index of Technical Information 
3,3 INPROCESS PROCEDURES 
Fifty-three inprocess procedures were written for the project. These 
procedures provided the instructions necessary to assemble or test the 
different SWS electronic modules or mechanical components. These 
documents were normally not released to JPL, but were available for 
JPL inspection or reference. 
The goal of these documents was to provide accurate and complete data 
for assembling and checking each discrete component or module of the 
7069-FR 48 
SWS. Typ ica l  documents included welded module inp rocess  test  procedures,  
programmer i n p r o c e s s  tes t  procedure,  a n  SWS bench checkout i np rocess  test  
procedure,  a thermal housing assembly procedure,  and an SWS assembly 
procedure.  An index of inp rocess  procedures  f o r  t h e  SWS p r o j e c t  i s  g iven  
i n  Appendix C.  
3.4 DRAWINGS 
Four hundred n i n e t y - s i x  drawings w e r e  prepared d u r i n g  t h e  p ro jec t .  
These drawings w e r e  d iv ided  i n t o  s i x  groups: (1) SWS Engineering Model 
(174 drawings) ;  (2) SWS F l i g h t  Model (188 drawings);  (3) As t ronau t  
T r a i n e r  (28 drawings) ; ( 4 )  Carrying Case (10 drawings) ; (5) Experiment 
T e s t  S e t  (41 drawings) ;  and (6) Inprocess  T e s t  and Assembly F i x t u r e s  
(55 drawings).  
A l l  drawings are given i n  one of t h e  fol lowing drawing l i s t s :  
No. Desc r ip t ion  - 
1101104 SWS Engineering Model 
1120699 SWS F l i g h t  Model 
1121048 As t ronau t  T r a i n e r  
1121017 Carrying Case 
1102041 Experiment T e s t  S e t  
1101471 Inprocess  T e s t  & Assembly F i x t u r e s  
3.5 ACCEPTANCE DATA PACKAGE 
Two acceptance d a t a  packages (ADP) w e r e  d e l i v e r e d  w i t h  each f l i g h t  SWS. 
Only one ADP w a s  d e l i v e r e d  w i t h  each of t h e  two eng inee r ing  models and 
t h e  two p ro to type  models (SNO1-SN04). The ADP included t h e  key docu- 
ments f o r  d e s c r i b i n g  t h e  h i s t o r y  and ope ra t ion  of t h e  SWS. The ADP 
included top  assembly drawings and schematics,  JPL f a i l u r e  r e p o r t s ,  t h e  
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o p e r a t o r ' s  manual, f l i g h t  hardware s p e c i f i c a t i o n s ,  acceptance tes t  
procedure and test d a t a ,  and a c o n f i g u r a t i o n  record.  The c o n f i g u r a t i o n  
r eco rd  i d e n t i f i e d  t h e  key assembly drawing r e v i s i o n s  t o  which t h e  SWS 
w a s  b u i l t .  The reco rd  a l s o  i d e n t i f i e d  t h e  i n t e r c h a n g e a b i l i t y  of modules 
f o r  SWS SN05 through SN10. The c o n t e n t s  f o r  t h e  ADP are g iven  i n  Fig. 
29. Note t h a t  SWS o p e r a t i n g  t i m e  w a s  n o t  included as a p a r t  o f  t h e  ADP 
because an  e l apsed  t i m e  meter w a s  a t t a c h e d  t o  t h e  SWS p r i n t e d  c i r c u i t  
board (See Fig. 26) and provided a r eco rd  of t o t a l  o p e r a t i n g  t i m e .  
Manufacturing o r d e r s  and i n s p e c t i o n  r eco rds  w e r e  d e l e t e d  a f t e r  SN05 
w a s  d e l i v e r e d  because t h e s e  d u p l i c a t e d  t h e  work performed f o r  t h e  d a t a  
t r a c e a b i l i t y  package desc r ibed  i n  t h e  fo l lowing  subsect ion.  For add i -  
t i o n a l  information,  r e f e r  t o  Acceptance Data Package Requirements, EOS 
70 69 -ADPR 
3.6 DATA TRACEABILITY PACKAGE 
A d a t a  t r a c e a b i l i t y  package (DTP) w a s  prepared f o r  each SWS d e l i v e r e d .  
The purpose of t h i s  package was t o  provide documentation f o r  t r a c i n g  
f a i l e d  screened components t o  l o t  numbers and vendors and f o r  providing 
a summary of i n s p e c t i o n  r eco rds  f o r  manufacturing and t e s t i n g  opera- 
t i o n s  f o r  each SWS. Data were assembled i n  manila f o l d e r s  by module 
numbers and gene ra l  d a t a  c a t e g o r i e s .  
documents : 
Each DTP included t h e  fol lowing 
Manufacturing Orders 
K i t  L i s t s  
I n s p e c t i o n  Squawk Reports 
I n s p e c t i o n  Reports  (JPL) 
Material Review Reports  (EOS) 
Material Review Board Reports  (JPL) 
Receiving Discrepancy Reports 
Unit  H i s t o r y  Log Shee t s  
Inprocess  T e s t  Data 
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Acceptance Test Data 
Failure Reports 
Technical Direction Memorandums 
Waivers 
3.7 DATA TAPES 
Data tapes produced during final acceptance testing were delivered for 
SWS SN03 through SN10. These tapes included numerical printout, 
punched printout, and oscillograph records. These tapes were delivered 
to the co-experimenter via the JPL Contracts Administrator. 
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SECTION 4 
TEST PROGRAM 
The gene ra l  t e s t  program f o r  a l l  phases of  t h e  p r o j e c t  i s  desc r ibed  i n  
t h e  I n t e g r a t e d  Tes t  P l an ,  EOS 7069-ITP. F igure  30 i s  a matrix of t h e  
o v e r a l l  t es t s  t h a t  were intended f o r  t h e  v a r i o u s  types  of assembl ies .  
The senso r  c a l i b r a t i o n  w a s  performed by JPL. De ta i l ed  procedures  and 
tes t  r e s u l t s  are desc r ibed  i n  o t h e r  documents. The fo l lowing  s e c t i o n s  
d e s c r i b e  t h e  major tests t h a t  were conducted.  
4.1 INPROCESS TESTS 
Inprocess  tes ts  were conducted on welded modules, s t i c k  a s sembl i e s ,  
h igh  v o l t a g e  modules, p r e a m p l i f i e r s ,  c h a s s i s  assembl ies ,  and systems.  
T e s t  procedures  were prepared a s  noted i n  t h e  Inprocess  Tes t  Procedure 
(ITP) Index ,  Appendix C.  Tests  were conducted a t  -25 C ,  ambient room 
temperature  , and +75 C .  
0 
0 
Bench tes t  s e t s  were made t o  test welded modules i n d i v i d u a l l y  o r  i n  
groups of  two and f o u r .  However, a given module w a s  t e s t e d  i n d i v i d u a l l y  
whenever t h e  module s e t s  were no t  a v a i l a b l e .  The genera l  t es t  se tup  
is  shown i n  F ig .  31. Modules were t e s t e d  be fo re  and a f t e r  encapsu la t ion .  
S t i c k  assembl ies  were t e s t e d  a s  a t o t a l  programmer (EOS 7069-ITP-22). 
The gene ra l  t e s t  s e t u p  i s  shown i n  F ig .  3 2 .  The socket  c h a s s i s  provided 
p lug- in  c a p a b i l i t y .  Tests were conducted only  be fo re  conformal c o a t i n g .  
The h igh  v o l t a g e  module r equ i r ed  a s p e c i a l  t e s t  f i x t u r e  and handl ing  
because of i t s  p o t e n t i a l  a r c i n g  c h a r a c t e r i s t i c .  
desc r ibed  i n  EOS 7069-ITP-38. 
The tes t  procedure is 
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ITEM 
LDED MODULES 
INTEGRATED STICK 
ASSE MBLI ES 
PRE A M ~ I  F  ER 
MODULES 
DIVlDUAL CHASSIS 
ODULES 100,200 & 30C 
LECTRONICS SYSTEM 
(PRE COAT 1 
ELECTRONICS SYSTEM 
(POST COAT ) 
ENVIRONMENTAL 
RADIO FREQUENCY 
IN~ER~ERENCE 
THERMAL 
SENSOR CALlB 
UNIT 
EM 1 
P 
P 
0 
0 
0 
0 
0 
A 
EM2 
P 
P 
P t  
0 
0 
0 
0 
0 
B 
P PERFORMANCE (FUNCTIONAL) TEST 
t : UNDER VARYING TEMPERATURE 
V = VIBRATION TEST 
T = TYPE APPROVAL TEST 
F = FLIGHT ACCEPTANCE T E S T  
F i g u r e  30.  SWS and ETS Test Matrix 
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P1 
P t  
P t  
v 
0 
0 
0 
P 2  
Pt 
P I  
T 
P 
P t  
P 
C 
54 
D 
QUAL 1 
FLT 
P t  
P t  
F 
0 
P t  
P 
E 
E T S  
1 & 2  
0 
P 
0 
0 
F 
- 
E TS 
3 
0 
- 
0 
P 
0 
0 
P 
0 
0 
G 
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STlC K 
SOCKET 
‘L SOCKET CHASSIS 
Figure  3 2 .  T e s t  Setup f o r  Stick Assemblies 
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Preamplifier testing required special care and equipment because of its 
low noise characteristic. The procedure is described in EOS 7069-ITP-38. 
The three chassis (Mod 100, 200, and 300) were tested individually, 
before being integrated as a system, in accordance with EOS 7069-ITP-24, 
25, and 26, respectively. Special test fixtures were fabricated to 
provide the necessary driving signals. 
After checkout of the three chassis, they were interconnected as a 
system, connected to the Experiment Test Set and tested in accordance 
with EOS 7069-ITP-27. This test concluded all inprocess testing and 
the system was assembled and identified as a specific SWS unit, ready 
for final acceptance testing. 
4.2 ENGINEERING MODEL TESTS 
Only performance and temperature tests were required for the Engineering 
Models because of conflicting delivery requirements. However, the 
thermal control and structural parts were fabricated sufficiently ahead 
of schedule to implement a mockup engineering design verification test 
on EM-2. Simulators for the sensor and electronics were used for 
thermal vacuum, vibration and shock tests. 
The thermal vacuum test was conducted in accordance with EOS 7069-ITP-1. 
The scope of the test was to check radiator louvres design and the SWS 
internal temperature characteristics as a function of SWS power consump- 
tion. Results of the test are reported in EOS 7069-TI-15. In summary, 
the louvres operated satisfactorily and the following internal equilib- 
rium temperatures could be expected: 
Power Lunar Day Lunar Night 
5w 90°F 35'F 
3w 80°F 25'F 
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Shock and v i b r a t i o n  tes ts  were conducted i n  accordance w i t h  EOS 7069-ITP-2. 
The shock tes t  inc luded  t h r e e  19 t o  24 g shocks i n  t h r e e  mutual ly  p e r -  
pend icu la r  p l anes  w i t h  a t r i a n g u l a r  waveform of  1 mi l l i s econd  r i s e  and 
1 mi l l i s econd  decay. The u n i t  i ncu r red  no damage. Then, EM-2 was sub- 
j e c t e d  t o  t h r e e  axes of random v i b r a t i o n  f o r  10 minutes  a t  4g r m s  
( e q u a l i z a t i o n  per iod)  and 5 minutes a t  8g r m s .  Following random v i b r a -  
t i o n ,  t h e  u n i t  was sub jec t ed  t o  5 minutes of  s i n u s o i d a l  v i b r a t i o n  a t  
l o g ' s  a long  t h e  X a x i s .  The u n i t  i ncu r red  no damage. During t h e  Y 
a x i s  t es t ,  some r e f l e c t o r  screws came l o o s e  and t h e  mounting b a r s  showed 
s i g n s  of c r a c k s .  The re fo re ,  t h e  l e v e l  w a s  reduced t o  2 .5g 's  and t h e  
test  f o r  Z a x i s  w a s  no t  conducted. 
Although some s t r u c t u a l  damage occur red ,  t h e  tes ts  demonstrated o v e r a l l  
soundness of t h e  SWS des ign  and revea led  weak a r e a s  where r edes ign  w a s  
r e q u i r e d .  
4 . 3  THERMAL MECHANICAL U N I T  TESTS 
The r edes ign  o f  t h e  SWS voided t e s t s  conducted on EM-2. The re fo re ,  an 
A-frame c o n f i g u r a t i o n  thermal mechanical u n i t  was assembled t o  perform 
pre l iminary  engineer ing  des ign  v e r i f i c a t i o n  tests.  The u n i t  w a s  sub- 
j e c t e d  t o  thermal vacuum and v i b r a t i o n  t e s t s .  Test r e s u l t s  are desc r ibed  
i n  7069-TI-18. A b r i e f  t e s t  summary i s  presented  below. 
The scope of t h e  thermal vacuum t e s t  included (1)  m u l t i l a y e r  supe r insu la -  
t i o n  performance t e s t ,  (2) determina t ion  of r a d i a t o r  assembly e f f e c t i v e -  
n e s s ,  and (3) system t e s t .  
The m u l t i l a y e r  s u p e r i n s u l a t i o n  t e s t  was conducted i n  accordance w i t h  
EOS 7069-ITP-3 and cons i s t ed  of wrapping a thermal p l a t e  w i t h  vary ing  
th i cknesses  of a luminized Mylarlorganza s i l k  and gold  kaptonlorganza 
m a t e r i a l .  S u f f i c i e n t  empi r i ca l  d a t a  w a s  ob ta ined  t o  i n d i c a t e  t h a t  a 
f i n a l  optimum des ign  of 40 layers of  aluminized Mylar w a s  r e q u i r e d .  
,...a i 
..- 
' I  r *  
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The r a d i a t o r  assembly t e s t  was conducted i n  accordance w i t h  EOS 7069-ITP-49 
and c o n s i s t e d  o f  a r a d i a t o r  assembly mounted on an e l e c t r o n i c  s imula to r  
and placed i n  a thermal housing wrapped w i t h  40 l a y e r s  of  a luminized 
Mylar/organza s i l k  i n s u l a t i o n .  S u f f i c i e n t  empi r i ca l  d a t a  on t h e  amount 
of hea t  r e j e c t e d  by t h e  r a d i a t o r  w a s  ob ta ined  t o  provide  a b a s i s  f o r  
eva lua t ing  t h e  SWS system performance. 
A system thermal  vacuum tes t  w a s  conducted i n  accordance w i t h  EOS 7069- 
ITP-48, paragraphs 3.3.1 through 3.3.4.  An e l e c t r o n i c  s imula to r  w a s  
used.  Lunar n i g h t  and day were s imula ted  and t h e  r a d i a t o r  equ i l ib r ium 
temperature  w a s  measured as a f u n c t i o n  of SWS power consumption. 
Nominal r e s u l t s  were as fo l lows:  
Power 
2.5W 
3 .OW 
3.5w 
4 .OW 
4.5w 
5 .OW 
5.5w 
6 .OW 
Lunar Night Lunar Day 
- 1 2 O C  
- 1 8 O C  
-9OC 24OC 
1°C 3OoC 
9OC 34OC 
1 6 O C  - 
24OC - 
29OC - 
The d a t a  i n d i c a t e d  t h a t  t h e  SWS i n t e r n a l  temperature  would be about 
18 C dur ing  luna r  day ,  based on an SWS consumption of  3 w a t t s ,  and 
h ighe r  than  zero depending on f i n a l  n igh t t ime  h e a t e r  des ign .  Therefore ,  
an adequate  s a f e t y  f a c t c r  was a s su red .  
0 
Vibra t ion  and shock t e s t s  were intended i o  be conducted i n  accordance 
wi th  a p p l i c a b l e  s e c t i o n s  of  EOS 7069-ITP-48. However, t h e  shock w a s  
no t  conducted due t o  f a i l u r e  dur ing  v i b r a t i o n  t e s t i n g .  An e l e c t r o n i c  
s imula to r  was u s e d  and the u n i t  was sub jec t ed  t o  10.4g s i n u s o i d a l  
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v i b r a t i o n  along t h e  X a x i s ;  no damage occur red .  During t h e  random 
v i b r a t i o n  e q u a l i z a t i o n  run,  i t  was necessa ry  t o  remove t h e  senso r  
assembly because accelerometers  were breaking l o o s e .  
t h e  s e n s o r ,  it w a s  found t h a t  a l l  c o l l e c t o r  p l a t e s  and t h e  d u s t  cover  
f i l amen t  w e r e  broken. The re fo re ,  t h e  senso r  s imula to r  w a s  used t o  con- 
t i n u e  t e s t i n g .  Subsequent tes ts  showed t h e  fol lowing weak s p o t s  i n  t h e  
SWS design:  
Upon examining 
a .  Sunshield 
b .  A-frame weldment a t  apex 
c .  A-frame weldment a t  f e e t  gusse t  
d .  Screws backing out  
The test  a l s o  showed a need t o  minimize e q u a l i z a t i o n  t i m e .  
A l l  of t h e  above problems were analyzed and c o r r e c t e d  i n  t h e  p ro to type  
models. 
4.4 QUALIFICATION TESTS 
Two p ro to type  models (SN03 and SN04) were f a b r i c a t e d .  SN03 w a s  d e l i v e r e d  
t o  Bendix f o r  ALSEP system t e s t s .  Only e l e c t r i c a l  performance accept-  
ance tests were performed i n  accordance w i t h  a p p l i c a b l e  s e c t i o n s  of t h e  
type-approval tes t  procedure,  EOS 7069-TATP-SWS. S N 0 4  w a s  tes ted t o  
EOS 7069-TATP-SWS, which covered v i b r a t i o n ,  a c c e l e r a t i o n ,  shock, thermal 
vacuum, and electromagnet ic  i n t e r f e r e n c e  t e s t s .  F igu re  33 is  a flow 
c h a r t  of t h e  b a s i c  t es t s  conducted. A b r i e f  d i s c u s s i o n  of t h e s e  tes ts  
i s  presented below. 
There were t h r e e  v i b r a t i o n  t e s t s  conducted on SN04. The f i r s t  t e s t ,  
conducted on 5 June 1967 a t  EO'S, r e s u l t e d  i n  t h e  fol lowing fou r  f a i l u r e s :  
:i 
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a .  The sunsh ie ld  p i v o t  p i n  broke 2 minutes b e f o r e  t h e  test ended 
because i t  w a s  made of t h e  improper material .  
b .  Three cones backed o u t .  
c .  The RPC h igh  megohm r e s i s t o r  broke because it w a s  n o t  bonded 
t o  i t s  c r a d l e .  
d .  Sensor s t r u c t u r e ,  cups,  and p r e a m p l i f i e r  c a b l e s  broke. 
Cor rec t ive  a c t i o n  was immediately taken and p r i m a r i l y  r e s u l t e d  i n  t h e  
use  of Newton Keenserts w i t h  t h e  cones,  DiEne Products  adhesive w i t h  
t h e  p r e a m p l i f i e r  c a b l e ,  and shock absorbing gaske t s  f o r  s enso r  mounting. 
This  test  a l s o  showed t h a t  t h e  use  of prerecorded magnetic t a p e  f o r  
e q u a l i z a t i o n  w a s  s t i l l  not  adequate .  Therefore ,  f u t u r e  tests were con- 
ducted a t  JPL. 
To determine t h e  s t r u c t u r a l  design i n t e g r i t y  of t h e  mod i f i ca t ions  made 
(namely, t h e  cone and Calfax bush ing) ,  SN04 w a s  t e s t e d  a t  JPL on 11 
J u l y  1967 w i t h  sensor  and e l e c t r o n i c  s i m u l a t o r s .  During t h i s  tes t  t h e  
most s i g n i f i c a n t  problems encountered were: (1) one of t h e  Calfax f a s -  
t e n e r s  w a s  re torqued du r ing  Z-axis random v i b r a t i o n ,  and (2)  one bottom 
cone backed o u t  approximately 30 . These problems were no t  considered 
s e r i o u s  and i t  w a s  concluded t h a t  t h e  SWS s t r u c t u r a l  des ign  w a s  
s a t i s f a c t o r y .  
0 
SN04 w a s  reassembled and t e s t e d  on 20  J u l y  1967 a t  JPL. Resul ts  of 
t h i s  tes t  a r e  r epor t ed  i n  EOS 7069-TI-20. The only f a i l u r e  occurred 
about 5 seconds beyond t h e  r equ i r ed  test l i m i t .  The A-frame cracked 
nea r  t h e  g u s s e t  on t h e  o u t e r  l e g ,  b u t  t h i s  f a i l u r e  w a s  a t t r i b u t e d  t o  
f a t i g u e .  A f a t i g u e  a n a l y s i s  showed t h a t  q u a l i f i c a t i o n  l e v e l  random 
v i b r a t i o n  tes ts  should be l i m i t e d  t o  60 minutes and t h a t ,  w i th  a s a f e t y  
margin of 0 .11 ,  f a i l u r e  i s  p r e d i c t e d  a f t e r  145 minutes of t e s t i n g .  
Since t h i s  w a s  t h e  t h i r d  t e s t  and t h e  f a i l u r e  occurred during o v e r t e s t -  
i ng  t i m e ,  t h e  SWS passed t h e  q u a l i f i c a t i o n  v i b r a t i o n  tes t .  
'I 
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On 2 August 1967 t h e  a c c e l e r a t i o n  t e s t  w a s  conducted a t  JPL. Resul ts  
are desc r ibed  i n  EOS 7069-TI-21. 
f l g  s t eady  s t a t e  a c c e l e r a t i o n  f o r  1 minute i n  t h e  p l u s  and minus d i r e c -  
t i o n s  of t h e  X,  Y ,  and Z axes .  
SWS ope ra t ed  normally.  
B r i e f l y ,  t h e  SWS w a s  s u b j e c t e d  t o  14 
No v i s u a l  damage w a s  observed and t h e  
On 8 August 1967 t h e  shock test w a s  conducted a t  EOS. Resu l t s  are  
desc r ibed  i n  EOS 7069-TI-22. 
shocks of 20 f l g  f o r  11 +1 mi l l i s econds  i n  each o f  t h e  t h r e e  a x e s .  The 
waveform w a s  t r i a n g u l a r  w i t h  10 mi l l i s econd  r ise  and 1 mi l l i s econd  
decay t ime.  
B r i e f l y ,  t h e  SWS w a s  sub jec t ed  t o  t h r e e  
No v i s u a l  damage w a s  observed and t h e  SWS ope ra t ed  normally.  
The thermal vacuum tes t  was conducted on 2 2  June 1967, w h i l e  mechanical 
design mod i f i ca t ions  w e r e  being made. 
design changes would no t  a f f e c t  r e s u l t s  of t h e  thermal c o n t r o l  des ign  
tests as r epor t ed  i n  EOS 7069-TI-25. 
SWS temperatures:  
It w a s  considered t h a t  s l i g h t  
The d a t a  i n d i c a t e d  t h e  fol lowing 
Average E l e c t r o n i c  Radiator 
- Time  Power Chassis Temp. Temp. 
Lunar Day 5.25W 46OC 38OC 
Lunar Night 6W 23'6 20.5OC 
The SWS average power w a s  h ighe r  than nominal des ign  va lues  used.  A s  
a d i r e c t  r e s u l t ,  t h e  e l e c t r o n i c s  temperature w a s  h ighe r  bu t  d id  no t  
a f f e c t  o v e r a l l  performance of t h e  SWS. 
d i f f e r e n c e  between t h e  e l e c t r o n i c  c h a s s i s  and r a d i a t o r  assembly w a s  no t  
determined. 
The reason f o r  t h e  3OC t o  8OC 
The electromagnet ic  i n t e r f e r e n c e  (EMI) t e s t  w a s  conducted by A. T.  
Parker  and A s s o c i a t e s ,  Hollywood, C a l i f o r n i a ,  on 15 August 1967 i n  
accordance wi th  EOS 7O69-RFI-SwSy work s ta tement  and tes t  p l an .  
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B a s i c a l l y ,  t h e  procedure complied w i t h  t h e  gene ra l  requirements  of MIL- 
1-26600 as amended by MSC-ASPO-EMI-1OA. To f a c i l i t a t e  t e s t i n g ,  an ETS 
w a s  a l s o  t e s t e d  i n  accordance wi th  7069-RFI-ETS. Resu l t s  are desc r ibed  
i n  A. T.  Pa rke r  T e s t  Report 67290 which w a s  t r a n s m i t t e d  t o  JPL as EOS 
r e p o r t  7069-TI-24. A s  expected, some o f  t h e  r ead ings  were "out of t o l -  
erance.  " The requirement ,  however, w a s  no t  n e c e s s a r i l y  t o  "pass" t h i s  
t es t ,  b u t  t o  o b t a i n  t h e  EMI p r o f i l e .  
tests conducted by Bendix on an ALSEP system (SN03) which w a s  subse-  
quen t ly  conducted and t h e  SWS performed s a t i s f a c t o r i l y .  
F i n a l  acceptance w a s  based on EMI 
4 . 5  FLIGHT ACCEPTANCE TESTS 
F l i g h t  acceptance tes ts  were conducted on SN05 through SNlO i n  accordance 
wi th  t es t  procedure EOS 7069-ATP-SWS. During t h i s  test phase,  t h r e e  
r e v i s i o n s  t o  t h e  procedure were made and o t h e r  s p e c i a l  tests were 
au tho r i zed  by J P L  t e c h n i c a l  d i r e c t i o n  memorandum (TDM), JPL c o n t r a c t  
o f f i c e  d i r e c t i o n  (TWX), and EOS t e c h n i c a l  d i r e c t i v e  (TD). F igu re  34 
i s  a flow c h a r t  of t h e  b a s i c  t es t s  conducted, which were g e n e r a l l y  t h e  
same as t h e  q u a l i f i c a t i o n  tes ts .  Major d i f f e r e n c e s  were in  t e s t  l e v e l s ,  
r e o r g a n i z a t i o n  of t h e  deployment t es t  t o  conform more c l o s e l y  t o  t h e  
a s t r o n a u t  t a s k s ,  d e l e t i o n  of CG measurement, d e l e t i o n  of t h e  resonance 
survey,  r educ t ion  of shock impacts t o  once pe r  a x i s ,  and a d d i t i o n  of 
t he  requirement f o r  conducting vacuum tes t  on ly .  
Figure 35 shows a ma t r ix  of t e s t s  performed on t h e  f l i g h t  u n i t s .  Wher- 
ever d e v i a t i o n s  occur red ,  t h e  a p p l i c a b l e  a u t h o r i z i n g  document i s  noted.  
Although s e v e r a l  problems were encountered,  a l l  u n i t s  were s a t i s f a c t o r i l y  
t e s t e d  and d e l i v e r e d  t o  J P L .  A b r i e f  d i s c u s s i o n  of t h e  tes ts  conducted 
is  p resen ted  below. 
During t h e  deployment t e s t  of SN05, t h e  Calfax r e t a i n e r  i n t e r f e r e d  wi th  
t h e  i n n e r  l e g  deployment and a design mod i f i ca t ion  w a s  i nco rpora t ed  t o  
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overcome t h i s  problem. Consequently, a d d i t i o n a l  deployment tests w e r e  
conducted on SN06 during environmental  tests and a f i n a l  deployment 
t es t  b e f o r e  shipment as d i r e c t e d  by TD1. Performance w a s  s a t i s f a c t o r y .  
During performance t e s t i n g  of SN05, t h e  n o i s e  l e v e l  w a s  e x c e s s i v e l y  
high.  Troubleshooting r evea led  t h a t  t h e  n o i s e  w a s  being generated by 
t h e  senso r  assembly. 
JPL. I n  a d d i t i o n ,  t h e  h igh  v o l t a g e  c a l i b r a t e  l e v e l s  could n o t  be set 
t o  s p e c i f i e d  va lues  due t o  t h e  i n h e r e n t  n a t u r e  of t h e  des ign .  The re fo re ,  
TDM-59 w a s  r e l e a s e d .  A summary of t h e s e  TDM's fol lows:  
To al low EOS t o  c o n t i n u e ,  TDM's were r e l e a s e d  by 
SNlO -SN09 -SNO 7 SN08 -SN06 -sNo5 Desc r ip t ion  -
Noise ISRJc12910 TDM57 TDM63 TDM67 TDM69 TDM69 
HV C a l i b r a t e  TDM59 TDM59 TDM59 TMD59 TDM59 TDM59 
A l l  o t h e r  s p e c i f i c a t i o n s  were met. 
SN05 and SN06 s u c c e s s f u l l y  passed v i b r a t i o n  tes ts .  However, problems 
were encountered i n  q u a l i f y i n g  t h e  t e s t  f i x t u r e ,  and test l e v e l s  were 
n o t  f i n a l i z e d  by Bendix. Therefore ,  v i b r a t i o n  tests on SN07 through 
SNlO were d e f e r r e d .  
To meet d e l i v e r y  requirements of SN05, t h e  a c c e l e r a t i o n  and shock tests 
w e r e  d e l e t e d  based on SN04 t e s t  r e s u l t s .  However, subsequent u n i t s  
w e r e  t e s t e d  and no f a i l u r e s  occurred.  
The acceptance procedure was i n i t i a l l y  prepared f o r  performance of 
thermal vacuum tests on only SN08 and SN12. A l l  o t h e r  u n i t s  were 
scheduled f o r  vacuum test  only t o  d e t e c t  h igh  v o l t a g e  breakdown problems. 
Only SN05 and SN06 were vacuum t e s t e d  without  i n c i d e n t .  
t i o n  of SNll and SN12, thermal vacuum tes ts  were imposed on SN07 through 
S N l O  pe r  TDM49. 
With t h e  de l e -  
However, t h e  t es t  f o r  SNlO w a s  d e l e t e d  due t o  a r c i n g  
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problems that were being encountered at JPL during sensor design modi- 
fication tests. The most significant data obtained from the thermal 
vacuum tests are the SWS temperatures measured by thermistors located 
in each electronic chassis and under the sensor housing. 
temperatures were as follows: 
Time 
Lunar 
-
Day 
Lunar 
Night 
Thermistor 
Locat ion 
Mod 100 
Mod 200 
Mod 300 
Sensor 
Mod 100 
Mod 200 
Mod 300 
Sensor 
SN04 
50 
49 
54 
None 
28 
27.5 
29 
None 
-
Temperature (OC) 
SN08 -SN07 
54 
53 
55 
25 
23 
21 
25 
-26 
40 
38 
46 
22 
18 
17 
21 
- 38 
Resultant 
SN09 -
34.5 
32.5 
36 
26.1 
17.3 
16 
20.5 
-47 
SN04 data are also included for comparison. A s  can be seen, the elec- 
tronic temperature varied between 16 C and 55 C and the sensor underside 
area temperature varied between -47 C and 26.1 C. These temperature 
ranges should not  affect instrument performance. 
0 0 
0 0 
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SECTION 5 
FIELD SUPPORT 
F i e l d  support  a c t i v i t i e s  w e r e  an i n t e g r a l  p a r t  of t h e  SWS e f f o r t  and 
overlapped t h e  des ign  and development phase of t h e  p r o j e c t .  Although 
t h e s e  a c t i v i t i e s  covered a broad range of areas, t h e  primary g o a l s  of 
t h e  f i e l d  support  t a s k  were (1) t o  provide J P L  wi th  continued des ign ,  
t e s t i n g  and mechanical assembly suppor t ,  (2)  t o  f a m i l i a r i z e  J P L  and 
Bendix personnel w i th  t h e  use  of t h e  SWS and ETS, and ( 3 )  t o  monitor 
SWS tests conducted by Bendix. 
The fol lowing s e c t i o n s  d e s c r i b e  the  f i e l d  support  scope of e f f o r t ,  
accomplishments, and remaining t a s k s .  
5.1 SCOPE 
The f i e l d  support  t a s k  began i n  J u l y  1967 and w i l l  extend t o  1 J u l y  
1968.  The manpower loading du r ing  t h i s  per iod v a r i e d  cons ide rab ly ,  
depending upon the  requirements  of t h e  t a s k .  Thus, du r ing  any month, 
t h e  personnel involved i n  f i e l d  support  ranged from two t o  f i v e  tech-  
n i c i a n s  o r  eng inee r s .  
The types of personnel involved i n  f i e l d  support  a c t i v i t i e s  included 
p r o j e c t  managers, e l e c t r o n i c  and mechanical eng inee r s ,  and t e c h n i c i a n s .  
Support l o c a t i o n s  and t h e  number of t r i p s  made t o  t h e s e  l o c a t i o n s  are 
l i s t e d  as fol lows:  
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5.2 
Faci 1 i ty 
Jet Propulsion Laboratory, Pasadena, Calif. 
Bendix, Ann Arbor, Michigan 
Manned Spacecraft Center, Houston, Texas 
ACCOMPLISHMENT S 
Number of Trips 
30074 
15 
2 
Field support activities with JPL, Bendix, and Houston were performed 
efficiently and no serious problems in communications or technical 
operations occurred. In general, the delivery, checkout, and installa- 
tion of the SWS and ETS were performed quickly and without unusual dif- 
ficulties. The reasons or tasks performed for the trips to Bendix and 
Houston are summarized below. (Trips to JPL are too numerous to 
describe, but generally involved technical problems with the SWS or 
ETS . ) 
a. 
b. 
C. 
d. 
e. 
f. 
g* 
h. 
i. 
Attended Review of Apollo Lunar Surface Science Program at 
Houston. 
Attended Principal Investigators Technical Meeting at 
Houston. 
Instructed Bendix personnel in the mechanical handling and 
electrical operation of the SWS and ETS. 
Verified that the SWS-ALSEP mechanical interface was satis- 
factory at Bendix. 
Instructed Bendix personnel on the method for installing the 
SWS onto the ALSEP pallet. 
Checked and corrected SWS-ALSEP pallet installation procedure. 
Repaired defective SWS at Bendix. 
Refurbished ETS 
Assisted Bendix 
characteristics 
at Bendix . 
personnel in determining the mass and vibration 
of the SWS. 
;kE s t ima t ed 
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5.3 REMAINING TASKS 
Although all hardware has been delivered, field support will continue 
to 1 July 1968 and may extend through the launch phase. The remaining 
tasks require two electronic engineers and three technicians. Personnel 
will spend most of their time at JPL but may also assist at Bendix, 
MSC, and Cape Kennedy. The activities planned for these locations 
include: 
a. 
b. 
C. 
d. 
7 069 -FR 
JPL - General assistance in SWS and ETS repairs, refurbishing, 
and testing. 
Bendix - Assistance and monitoring during the ALSEP testing 
program. 
Cape Kennedy - Technical and consultation assistance during 
the launch phase of the Apollo spacecraft. 
MSC - Assist Principal Investigator during reception and 
analysis of data transmitted by the moon-based SWS. 
7 1  

KEY 
SECTION 6 
PROBLEMS ENCOUNTERED 
'. 
The purpose of this section is to briefly discuss the key problems 
encountered during this project related to the SWS electronics, me- 
chanical design, and sensor assembly, as summarized in Table 11. 
Although many problems were encountered, only those problems that have, 
or had, significant impact on the SWS design, performance, schedule or 
cost are presented. Some of the problems, although satisfactorily re- 
solved, could cause future problems and some problems are currently 
being investigated by JPL while other problems are related to the ALSEP 
system design (Bendix responsibility). 
6.1 ELECTRONIC PROBLEMS 
* ?  
i 
. )  
i 
J 
Initially, the power specification was nominally 6 watts compared to an 
estimated 8 watts. Therefore, a concentrated effort was made to mini- 
mize power consumption throughout the instrument. The most significant 
power reduction was achieved by employing Fairchild logic elements in 
place of Signetic elements in the programmer. However, this change re- 
quired relayout of stick assemblies and procurement of new parts. 
The design of the preamplifier was critical. Attempts to minimize noise 
caused increased susceptibility to parasitic oscillation. The effects 
of stray capacitance caused by the packaging method and input cable also 
enhanced oscillation. Therefore, an analysis was made to prevent oscil- 
lation by allowing the maximum acceptable noise level. As a result the 
feedback resistor was changed from 100 megohms to 10 megohms by adding 
a 1 O : l  attentuator network in the feedback loop. 
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TABLE I1 
SUMMARY OF KEY PROBLEMS ENCOUNTERED 
Description of Problem 
A. Electronics 
1. System high power 
2. Preamp Noise/Oscillation 
3.  HV high power 
4.  HV arcing 
5. Propagation of failure 
from HV arcing to com- 
mutator FET, HV cali- 
brate integrated circuit, 
and programmer. 
6 .  Excessive system noise 
B. Mechanical 
1. 
2. 
3 .  
4 .  
5. 
6. 
7. 
Excessive weight 
High random vibration 
spec 
Cones backing out 
L e s s  deployment dif - 
f icul ty. 
Strain gage zero shift 
Keensert/cone wear and 
yield. 
Sensor mounting plate 
creeping 
Solution 
Employed Fairchild logic for Pro- 
gr ammer. 
Changed feedback network. 
Investigated various HV transformer 
designs. Changed to Sylgard in HV 
module and transformers. Then, re- 
packed HV module. 
Added insulators, formed "blob" at 
solder joint, routed lines in 
shortest path, and inhibited two 
highest proton levels. JPL investi- 
gating HV cable, 
Added clippers, decoupled E+t, and de- 
coupled input lines. Still under 
investigation. 
Rerouted grguqd line6 and lines 
susceptible to pickup. 
Changed from 4 to 3 chassis. 
Redesigned from tripod to A-frame 
configuration. 
Employed Newton Keenserts and added 
Calfax bushings. 
Redesigned Calfax bushing. 
Replace or use as is. 
Replace. Recommend further investi- 
gation. 
No data available. Recommend further 
investigation. 
"."- 
_I 
i 
3 
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TABLE I1 
SUMMARY OF KEY PROBLEMS ENCOUNTERED (contd) 
Description of Problem Solution 
8. Inner leg pits and corro- Boil flux out. Conduct tensile test. 
9. Calfax mounting method Bendix considering redesign. 
sion 
C. Sensor 
1. S N 0 4  failure JPL redesign 
2. Preamplifier cable failure Employed Di-Ene adhesive 
3. Noise feed through JPL redesigning 
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A large amount of the available power was consumed by the high voltage 
circuits in which a key element was the EOS 1101088 transformer. Con- 
siderable effort was made to minimize interwinding and secondary wind- 
ing capacitance. Various winding techniques (bank, bifilar, progres- 
sive, and lap), encapsulating materials (Epoxilite 295, clear Sylgard 
182, and black Sylgard 182), number of layers of insulation between 
windings (1 to 5 layers), and types of wire (heavy formvar and quad 
formvar) were investigated. Final design was as follows: 
a. Winding method - Bifilar primary 
Progressive secondary 
b. Encapsulant - Clear Sylgard 182 
c. Interwinding insulation - 1 layer 5 mil Mylar tape 
d. Wire type - Heavy formvar 
1 layer X-1157 polyester mat tape 
The high voltage module was initially packaged as a welded subassembly 
encapsulated in Epoxilite 295. During a temperature test, it was dis- 
covered that the encapsulant dielectric constant varied sufficiently to 
cause an effective stray capacity increase which directly resulted in 
increased power consumption. . Therefore, Sylgard was used. However, 
it was felt that this material did not provide-adequate structural 
rigidity (material is rubbery). Therefore, the unit was repackaged as 
a soldered cordwood module housed in a glass epoxy case. It then per- 
formed satisfactorily. 
High voltage arcing was encountered throughout the program. Because of 
its subtle nature, positive solutions could not be implemented. However, 
preventive measures were taken, such as lining the chassis with insulat- 
ing glass epoxy boards in potential arcing areas, application of Stycast 
1090, rounding off all sharp protrusions by liberal application of 
solder, and changing the programmer to provide capability to inhibit 
the two highest voltage levels during atmospheric tests. In spite of 
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these efforts, arcing continued to occur. Therefore, investigation is 
continuing at JPL. The high voltage cable and connector are currently 
suspected as causes of the arcing. 
Typically, failure propagation during arcing involved the commutator 
field effect transistor (FET), the high voltage calibrate amplifier 
integrated circuit, the high voltage modulator drivers, and the pro- 
grammer conversion counter, Mod 216. Protective networks, such as 
diode clippers and RC decoupling networks, were added. In spite of 
these efforts, failures continued to occur and JPL is continuing investi- 
gation of the problem. One solution currently being tested is rerout- 
ing of the high-voltage signal return line. 
Systemnoisemasked preamplifiernoise and thus became the limiting factor 
in SWS signal detection. The primary sources of noise were the syn- 
chronous demodulator signal appearing on the front end ground lines 
and pickup on sensitive signal lines. These problems were corrected 
by rerouting ground and signal lines. 
6.2 MECHANICAL PROBLEMS 
One significant electronic packaging change was made early in the 
project which had great cost and schedule impact. 
was based on four chassis. As the design became firm, a weight calcu- 
lation showed the requirement could not be met. Therefore, the design 
was changed to three chassis and additional circuits were converted to 
welded modules (increased from 2 to 17). 
The initial design 
The vibration test of S N 0 4  showed potential weakness in the tripod 
design and it appeared that the SWS would be required to meet the high 
random vibration specification. Therefore, a radical change was made 
which resulted in the present A-frame design. Needless to say this 
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change had a great impact on the project cost and schedule and intro- 
duced additional technical problems which were encountered later. 
The first vibration test of SN04 resulted in the bottom cones backing 
out. The problem was identified as being caused by the torquing effect 
between the inner leg and A-frame leg and resulted in the cones backing 
out. To solve this problem, a dowel pin effect was incorporated by 
adding a bushing, at the insertion point of the Calfax fastener, which 
locked into the inner leg. In addition, Newton Keenserts were employed 
to prevent the cones from backing out. 
Subsequently, it was found that the inner leg would not deploy. Investi- 
gation showed that the locking feature of the Calfax bushing, combined 
with the inherent tendency of the thermal housing to suspend vertically 
as the inner leg extends at a 60 angle, resulted in the leg and bush- 
ing opposing each other's movements. To solve this problem, the Calfax 
bushing was modified to allow the inner leg to effectively twist, there- 
by relieving the torqued condition. 
0 
The use of strain gages facilitated preloading the SWS but created a 
new problem. The net effect of the problem resulted in shifting the 
1 1  zero" tension reading during vibration testing. An analysis made to 
determine if the leg material exceeded its yield strength showed a 
safety factor of 6.2. Therefore, the shift was attributed to possible 
gage slippage. Since the shift maintained its new value, the decision 
was to "use as is." The incident brought forth a potential problem 
which may occur on other units. 
Although the Keensert prevents the cone from backing out, it has a 
limited wear life cycle which when exceeded results in a "galling" 
action and increases torque values above 100 inch-pounds. This condi- 
tion can be detected by the strain gage electronics. Whenever galling 
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is detected, the Keensert/cone set will then have to be replaced. 
Although the SWS was not designed for replacing these parts, the total 
program activities (JPL,  Bendix and Cape Kennedy) do not provide con- 
trols of the number of SWS deployment operations. It is recommended 
that preloading procedures indicate this precautionary condition and 
a recording method (tags showing torque value and date tied to each 
leg) be implemented to predetermine replacement time. The yield of 
these parts has been very low but is sufficient to meet the contract 
requirement. Since Newton is having difficulty fabricating these parts 
to the desired torque specifications, it is recommended that J P L  
coordinate with Newton and procure spare parts. 
The sensor mounting plate (1120655) is placed under stress when the 
SWS is preloaded in its stowed configuration. Since this condition 
can exist for up to seven months, there is some concern about the creep 
strength of the plate material, AZ31B magnesium. A review of available 
literature revealed some data which could be extrapolated but will 
present questionable conclusions. Therefore, further investigation is 
recommended, including a controlled and instrumented creep strength 
test program and a test of a mock-up unit simulating SWS preloaded 
condition over a period of several months. 
While processing the inner legs (EOS part No. 1120606) through its 
fabrication cycle, pits and corrosion were noticed at the dip-brazed 
joints. Investigation revealed that the dip brazing operation causes 
a certain amount of flux to become entrapped but, if not exposed to 
moisture, it will not become corrosive. However, the pits and flux 
became exposed when the legs were filed during inprocess fabrication. 
To assure structural integrity, a tensile test was conducted which 
subjected the suspect joint to 50 times actual load and no distortion 
was visible. The exposed flux was removed by a boiling process and 
checked by a silver nitrate reaction test. 
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Calfax retainers are used to mount the SWS to the ALSEP pallet. These 
retainers have been reported to be unsatisfactory because they tend to 
loosen during vibration, and Bendix is considering a redesign. 
6 . 3  SENSOR PROBLEMS 
A s  mentioned in the test section of SN04, several sensor failures 
occurred after the first vibration test. These failures were subse- 
quently corrected by JPL. 
EOS, however, was responsible for the preamplifier cable failure. The 
basic problem was to eliminate the relative movement between the 
Faraday cup collector terminal and the preamplifier cable termination. 
The final solution was to employ a thixotropic adhesive, manufactured 
by Di-Ene Products, to bond the cable to the cup structure. This 
adhesive was selected for its low coefficient of thermal expansion and 
exceptional thoughness for bonding to aluminum, 
in a straight line to the collector terminal to minimize stress in the 
conductor. For additional strength, the termination was spot bonded 
with this adhesive. 
The cable was routed 
Noise feed through in the sensor was generated by the grid ac modulating 
voltage which apparently coupled to the collector through interelec- 
trode capacitance. JPL is modifying the cup to minimize or eliminate 
this problem. 
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SECTION 7 
SUMMARY AND RECOMMENDATIONS 
The major achievement of the S o l a r  Wind Spectrometer p r o j e c t  w a s  t he  
development of f l i g h t - q u a l i t y  in s t rumen t s  t h a t  w i l l  r e l i a b l y  and ac- 
c u r a t e l y  measure t h e  parameters  o f  the s o l a r  wind a t  the l u n a r  s u r f a c e .  
I n  a d d i t i o n ,  no tab le  achievements were made i n  des ign ,  product ion,  and 
sof tware p r e p a r a t i o n .  These achievements a r e  summarized below: 
7 . 1  KEY PERFORMANCE AND DESIGN CHARACTERISTICS 
The key performance and des ign  c h a r a c t e r i s t i c s  o f  t h e  SWS a r e  summa-  
r i z e d  below: 
Performance 
Proton range : 
E l e c t r o n  range:  
Angular r e s o l u t i o n :  
F i e l d  o f  view: 
Flux s e n s i t i v i t y :  
Current  s e n s i t i v i t y  : 
Measurement r a t e  : 
75 t o  9600 eV 
10.5 t o  1376 eV 
M 15 degrees  
M 2n s t e r a d i a n s  
10 5 p a r t i c l e s / c m  2 / s e c  
6 x ampere 
NN seven 1 0 - b i t  words/second 
Design 
Weight : < 1 2  l b  
Overa l l  s i z e  (stowed) : M 9 x 10.6 x 11 inches  
Average power: < 3.5 w a t t s  
Operating temperature range: -185 t o  C122OC 
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7.2 HARDWARE 
The p r o j e c t  r e s u l t e d  i n  the  f a b r i c a t i o n  o f  29 major i t e m s  of hardware, 
excluding spa re  p a r t s .  This  hardware i s  l i s t e d  below: 
Q u a n t i t y  I t e m  
10 S o l a r  Wind Spectrometers (2 EM'S  and 8 f l i g h t )  
4 Experiment T e s t  S e t s  
2 SWS Astronaut  T r a i n e r s  
8 Carrying c a s e s  
5 S t r a i n  gage e l e c t r o n i c s  
98 Spare e l e c t r o n i c  modules, i n t e g r a t e d  c i r c u i t  s t i c k s ,  
and p r i n t e d  c i r c u i t  boards,  t r ans fo rmers ,  i n d u c t o r s ,  
r a d i a t o r  assemblies ,  and p r e a m p l i f i e r s  
7.3 SOFTWARE 
A wide spectrum of documents w a s  prepared f o r  the SWS p r o j e c t ,  covering 
q u a l i t y  a s su rance ,  management, f a b r i c a t i o n ,  t e s t i n g ,  and eng inee r ing  
a r e a s .  These documents included drawings,  manuals ( f o r  eng inee r ing  as 
w e l l  as f l i g h t  models),  r e p o r t s ,  p l a n s ,  tes t  and assembly procedures ,  
and d a t a  packages. The breakdown of  documents f o r  seven major s o f t -  
ware c a t e g o r i e s  i s  l i s t e d  below: 
Document C a t e  go r y  
Drawings 
Formal r e p o r t s ,  p l a n s ,  procedures ,  e t c .  
Technical Information 
In-process  Tes t  and Assembly Procedures 
Acceptance Data Packages 
Data T r a c e a b i l i t y  Packages 
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No.  of Documents 
496 
65 
22 
53 
12 
10 
i: 
7 . 4  RECOMMENDATIONS 
The fol lowing recommendations a r e  p re sen ted  t o  JPL f o r  a c t i o n  du r ing  
the remaining pe r iod  be fo re  launch of t he  ALSEP package. 
F i e l d  Support 
The e x t e n s i o n  of EOS' c o n t r a c t  f o r  f i e l d  support  through the launch 
phase of the program i s  recommended. This ex tens ion  i s  recommended 
because: (1) t e c h n i c a l  support  w i l l  be r e q u i r e d  through the launch 
phase,  and (2) SWS refurbishment  work has  n o t  been completed. Two 
f u l l - t i m e  eng inee r s  and one t e c h n i c i a n  should provide a l l  the EOS 
support  r e q u i r e d  f o r  t h i s  e f f o r t .  
Mechanical Spares and Tools 
Although e l e c t r o n i c  spa res  were ordered by JPL during the p r o j e c t ,  no 
mechanical s p a r e s  o r  t o o l s  were r eques t ed .  I t  is  recommended t h a t  JPL 
procure SWS p a r t s ,  t o o l s ,  and f i x t u r e s  which are e i t h e r  e s s e n t i a l  o r  
important f o r  r e p a i r  and refurbishment  o f  t he  SWS. A l i s t  of spa re  
mechanical p a r t s  should be compiled and used t o  o r d e r  p a r t s .  
Calfax R e t a i n e r s  
During the p r o j e c t ,  the  Calfax r e t a i n e r s  p re sen ted  l e g  deployment 
t r o u b l e s .  I t  i s  recommended t h a t  JPL r e p l a c e  the Calfax f a s t e n e r s  w i t h  
more r e l i a b l e  f a s t e n e r s .  
Handle Socket 
Since the design o f  the experiment handl ing t o o l  socket  has  not been 
f i n a l i z e d  by Bendix, i t  i s  recommended t h a t  J P L  follow-up the design 
t o  ensure t h a t  the socke t  on t h e  SWS sensor  mounting p l a t e  w i l l  mate 
w i t h  the f i n a l  handl ing t o o l .  
7 0 6 9 - FR 83 
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IIV Arcing i n  Sensor Assembly 
I t  i s  recommended t h a t  JPL determine the cause of  HV a r c i n g  and c o r r e c t  
the  d e f e c t  i n  t i m e  t o  r e f u r b i s h  the f l i g h t  u n i t s  before  launching. 
schedule s tudy should be conducted t o  determine the  la tes t  d a t e  t h a t  
A 
the  refurbishment  can be made. 
/ 
Keensert/Cone S e t s  
A s  previous ly  descr ibed ,  the Keensert/Cone sets  on the A-frame assembly 
have l i m i t e d  l i f e  cyc le s .  
Keensert/Cone sets  t o  avoid de l ays  i n  r e p l a c i n g  d e f e c t i v e  s e t s .  
JPL should t h e r e f o r e  o rde r  a t  least  50 
70 6 9 - FR 84 
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706 9-ADPR 
ATP-ETS 
ATP-SWS 
ATP-DS -SWS -4 
5 
6 
7 
8 
9 
10 
BAP 
CMP 
CRP 
DCCS 
EPS 
FER 
FM 
FR 
FS 
GSES 
ICDTP 
IPCCP 
IFP 
ITP 
M- 1 
2 
3 
4 
5 
6 
706 9 - FR 
DESCRIPTION 
Acceptance Data Package Requirements 
ETS Acceptance Test Procedure 
SWS Acceptance Test Procedure 
ATP Data Sheets ( S N 0 4 )  
1 1  (SN05) 
11 (SN06) 
11 (SN07) 
I 1  (SN08) 
I 1  (SNO9) 
Brazing of Aluminum & Alloys 
Configuration Management Plan 
Configuration Recording Plan 
Drawing Change Control System 
Experiment Performance Specification 
Facility and Equipment Requirements 
Familiarization Manual 
Final Report 
Flight Hardware Specification 
GSE (ETS) Specification 
Instructions for Compiling the Data Trace- 
ability Package 
Inprocess Procedure Change Control Plan 
Inspection & Fabrication Plan 
Integrated Test Plan 
Monthly Progress Report (April 1966) 
1 1  " (June ) 
If (July I '  ) 
'I  (Sept, ' I  ) 
1 1  (SN10) 
11  1 1  
I 1  
I I  I 1  
I t  (May ) 
I 1  I 1  (Aug. ) 
1 1  11 
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706 9-M- 7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
MCL-ETS 
MCL-SWS 
MC P 
MSL 
MTS S 
OM-ETS 
OM- SW S 
OM- SW S - F 
OM-TR 
PER 
PMRP 
QAP 
RFI -ETS 
RFI - SW S 
SHI-SWS 
SRP 
SWS -RFS 
TATP -SW S 
DESCRIPTION 
Monthly Progress Report (Oct. 1966) 
1 1  11 (Nov. I' ) 
II 1 1  (Dec. I' ) 
II I f  (Jan. 1967) 
II II (Feb. 'I ) 
11 I 1  (Apr. 'I ) 
I 1  1 1  I' (June I' ) 
1 1  1 1  (July It ) 
II 11 (Mar. ) 
1 1  1 1  (May It ) 
'I (Aug . If ) 
1 1  I 1  If (Sept. ) 
II 1 1  (Oct. ) 
11 I I  (Dec. 'I ) 
1 1  1 1  
I 1  I 1  I' (Nov. ) 
ETS Materials & Component List 
SWS Materials & Component List 
Management Control Plan 
Measurement Sequence List 
Simulator Design Specification 
ETS Operation Manual 
EM-1 &-2 SWS Operation Manual 
Flight SWS Operation Manual 
SWS Astronaut Trainer Manual 
Breadboard Performance Evaluation Report 
Preliminary Material Review Procedure 
Quality Assurance Plan 
ETS RFI Work Statement 
SWS RFI Work Statement 
SWS Special Handling Instructions 
Solder Rework Procedure 
SWS Redesign Feasibility Study 
SWS Type-Approval Test Procedure 
7069-FR 88 
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NUMBER 
70 6 9 -VCR-5 
6 
7 
8 
9 
10 
WRP 
APPENDIX A (Contd) 
DESCRIPTION 
V e r i f i e d  Configurat ion Record (SN05) 
I 1  1 1  (SN06) 
I 1  I 1  I' (SN08) 
1 1  11 (SN10) 
I 1  1 1  (SN07) 
I 1  I f  (SN09) 
Weld Rework Procedure 
7069-FR 89 
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NUMBER 
7069-TI-1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
DESCRIPTION 
Power Profile 
Flat Cable Heat Leak Calculation 
Description of Power Converter 
LVPS ITP Requirements 
Dust Cover Actuator - Solenoid Type 
Dust Cover Actuator - Squib Type 
EM Preliminary Vibration Analysis 
EM Vertical & Azimuthal Alignment Techniques 
EM Thermal Control Design Description 
EM Preliminary Structural Vibration Analysis 
Not written 
Not written 
Not written 
EM-2 Results of Thermal Vacuum Test 
EM-1 and ETS-1 Summary Report 
Prototype Preliminary Thermal Control Design Report 
Test Report on Thermal Mechanical Unit (A-Frame) 
ALSEP SWS Input Current Load Change Characteristics 
SN04 Qualification Vibration Test Results 
SN04 Qualification Acceleration Test Results 
SN04 Qualification Shock Test Results 
Results of First Article Configuration Inspection 
SN04 Qualification E1 Test Results 
SN04 Qualification Thermal Vacuum Test Results 
7069-FR 93 
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INDEX OF INPROCESS TEST PROCEDURES FOR SOLAR W I N D  SPECTROMETER 
NUMBER 
7069-ITP-1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
DE SCRIPTION 
EM-2 Thermal Vacuum T e s t  
EM-2 Vibra t ion  and Shock Test 
Thermal Mechanical Unit  (A-Frame) Thermal Vacuum Test 
ETS Bench Checkout 
Commutator Driver A, Mod 133, 1120603 
Commutator Driver  B, Mod 134, 1101135 
Preamp Switch B, Mod 132, 1102013 
A/PW Converter,  Mod 135, 1101151 (obsole te )  
2 KC Driver ,  Mod 233, 1101153-5 
2 KC Driver ,  Mod 234, 1101153-7 
Relay Driver  A, Mod 235, 1101156 
Squib Driver ,  Mod 237, 1102025 (obsole te )  
Preamp Switch A, Mod 131, 1101149 
Preampl i f ie r ,  Mod 110, 1101127 
Relay Driver  B, Mod 238, 1102039 
O s c i l l a t o r ,  Mod 230, 1101075 
Step  Generator A, Mod 231, 1101155 
Step  Generator B, Mod 232, 1102017 
Temperature Sensor, Mod 236, 1101147 
Hv Module, Mod 310, 1101186 (obsolete)  
Commutator, Mod 130, 1101177 
Programmer, Mod 210 through 221 
Not w r i t t e n  
Mod 100 Checkout, 1120610 
Mod 200 Checkout, 1120620 
7069-FR 97 
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NUMBER 
7069-ITP-26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51  
52 
53 
54 
DESCRIPTION 
Mod 300 Checkout, 1120630 
System Bench Checkout 
Proton HV Transformer, 1101088 
Commutator & Driver, Mod 130A, 130B, 133 & 134 
A/PW Converter, Mod 135, 1101151 
Squib Driver, Mod 237, 1102025 
Temperature Monitors, Mod 236A & 236B 
EM Thermal Housing Assembly Procedure 
Preamp Switch A & B, Mod 131 and 132 
Preamplifier, Mod 110, 1120660 
Relay & 2 kHz Drivers, Mod 233, 234, 235 & 238 
Staircase Generator, Mod 231 & 232 
HV Module, Mod 310, 1101186 
Not written 
Saturable Transformer, 1101086 
Puwer Transformer, 1101087 
Not written 
Electron HV Transformer, 1101089 
Induct or, 110 10 92 
Not written 
Not written 
Radiator Assembly Procedure, 1120625 
Environmental Tests for Thermal-Mechanical Unit 
Radiator Assembly Thermal Test 
Dust Cover Release, Mod 237, 1120623 
Thermal Housing Assembly Procedure 
SWS Assembly Procedure, 1120650 
Strain Gage Checkout & Calibration 
Strain Gage Assembly Procedure 
7069-FR 98 
NUMBER 
706 9-ITP- 55 
56 
57 
58 
APPENDIX C (Contd) 
DESCRIPTION 
Pallet Mounting Procedure 
SWS Disassembly-Reassembly Procedure 
Side Curtain Assembly Procedure, 1121164 
Sensor Disassembly-Reassembly Procedure 
7069-FR 99 
